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PREFACE TO THE THIRD EDITION 

This Edition (third) is practically a reprint of the last, with merely slight 
alterations in places where needed. Time does not much affect technical 
publications of the present kind, though improvements in methods, when 
they occur, are taken advantage of and duly introduced into the book. The 
work is quite up-to-date in all respects. 

For convenience of reference, the tabular portion appears separately, 
as before, in a companion volume entitled Calculating Tables,” Part I 
(fifth edition). 

The press proofs of the text have on this occasion been passed by 
Mr. J. Haddock, F.R.G.S., and subsequently checked by Mr. H. G. Andrew, 
while the final proofs and the examination of the litho sheets were attended 
to by the undersigned. 

J. C. C. 

Rangoon, 

The I St August igo6. 




PREFACE TO THE SECOND EDITION 

Thk present work on Land-Surveying has been prepared with the view of 
meeting fully the requirements of OfTirers of the Engineering and Survey Depart¬ 
ments, and of District Officials, Private and Municipal Surveyors, Planters, and 
others, who desire to obtain a complete guide to practical surveying, and who 
form such a large and important class of Her Majesty’s subjects throughout India, 
Burma, and elsewhere. For the use of students in surveying classes and for 
junior land-revenue officials and land-measurers generally, a small edition of the 
book, ('ontaining only v(^ry elementary inatt(^r, has been spet'ially prepared and 
published. Both the large and small editions have received substantial recognition 
from the Government, and have been adopted as text-books. 

The book contains altogether i6 Chapters, all of which have been considered 
indispensable to the surveyor—whether Trigonometrical, Topographical, Revenue, 
or Enginciering-—and to the student j while, for facility of reference, an exhaustive 
index has been added to the end of the treatise*. 

The cMitire work has been designed to load a beginner systematically through 
a thorough course? of practical I>and-!Surveying, and with this object there is 
embodied a collection of examples in the varie)us subjects treated of, which will, 
it is hoped, prove of service. The only knowledge? the student must of necessity 
possess before undertaking a study of surve?ying, is that of elementary mathematics, 
and this knowledge is here presumed. 

The work is illustrated with 510 diagrams on sheets of foolscap-size which 
have been, for convenience sake, put together in a body immediately after the 
Index. 

The manual embraces a course of surveying such as will be needed for all 
revenue and general purposes ; and the more advanc'cd portions of Astronomy, 
Trigonometry, Geodesy, etc., have been purposely excluded, as beyond its scope. 
The? matter dealt with is intended for practical survey work alone, and falls more 
in the domain of the useful than of the beautiful. 

The aim throughout the book has been to make each Chapter as thoroughly 
practical and complete in itself as possible, and, while it is hoped that this object 
has been accomplished, it must be borne in mind that it is utterly impossible to 
learn surveying from books alone, and nothing but practice can make a quick and 
accurate surveyor. 

In writing this treatise, no pretence is made to originality as regards the 
principles of surveying, nor even to certain portions of the work itself which are of 
necessity borrowed from other authors to whom, with a few exceptions only, a 
general acknowledgment is made hereafter. The manual, it is gratifying to note, 
has been found serviceable hitherto, and if continued to be utilized by those for 
whom it is intended, its object will have been still further achieved. 

The following works have been consulted, and from several of them extracts 
have been made:—Manual of Surveying for India, Thuillier; Outlines of a 
Trigonometrical Survey, hrome; Roorkee Treatise on Surveying, Firebrace; 
Practical Surveying for India, Kelly; Aid to Survey-Practice, Jackson; Notes on 
Surveying and Practical Geometry, Scott; Mathematical Instruments, Stanley; 

d 



X 


PREFACE. 


Siirveyini^ and Levelling, Brccs ; Practical Geodesy, Williams ; Navigation, Pryde ; 
Plains Astronomy, Main ; Practical Mathematics, Cliambers ; and Levelling, Bruff. 

The main alterations made in the present edition consist of the omission of 
the Chapter on Tables and the elimination of the lixercist.vs for practice which 
appeared in tb(' previous edition (1882), and of other unimportant matter; also, a 
contraction of the illustrations. The text and diagrams, on the other hand, have 
been much augmented with mtw matter, and considerable portions of the old 
matter greatly modii'Kal in places, tlie whole being condensed, rearranged and 
r(‘ndered quite up-to-dat(‘ in all particulars. The logarithmic, traverse and other 
tables, whi('h existed in the former edition, now find a place in the “ Calculating 
Tables” (4th edition), so that the latter work must necessarily be consulted in 
connection with the calculations contained in the present treatise. 

1 have to express my indebtedness to Colonel J. Hill, R.E., and Mr. W. G. 
B(iverley of the Great Trigonometrical Survey of India, and some other friends 
who very kindly assisted in reviewing the original manuscript, and helping to 
accuracy in the w'ork wdiere needed ; as also to those who have contributed in 
various ways to the completion of the book generally. 

Suggestions for the improvement of future editions of the book are invited 
and will be gratefully acknowledged. 

J. c. c. 

Clapham, London, S.W., 

The 1st May j8g8. 
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[No. 12.] 


ERRATA ET CORRIGENDA 

{To the Aid to tMni-SurV'^ying'\ l.ar^c Editiofi^ 


Text. 

Pa|];e 235, ’.ino 37. of ter x tnn." insert ih(* ~ ”, 

P.iL;t' .J^2, liiiP jS, ./fee “ limb ” insert an asterisk 
Page 23J, f u.tn. tc, after lii’c 3 in^eit llic fallowing:—> 

“ * In (!(’(ii!t,i:i .ns ((*■ sf as l>y t^'C .Moon, (.li-ap/oaraiice-. take place from Ncwlo I'ull at lIicDark I.imb, 
and IoappCMiar.ccb Imm Fall (.0 Xew.” 


Illustrations. 

Pa^’-e 3;, Fia. 4 S’q, from lie point R.A. o oDec. P'S^N., continue tlic dotted lino 
s. p.iratmg^'he c onsteil.i(i<ms URSA MINOR and CRPniUlS to the point R.A. 8 *'o’'\ 
l.)c<“ 8 I" N , first in a sliglitlv’ r>utuard and then in a slightly inward curve. 

de» t ig. ^8(), continue the dotted line indicating the pith of tlie pole from tlie 
N. Polar [)oint to the nt R.yX 12'“ 5'", Dec. 80" N., in an clij^tical (iirve. 


c 33 :,. P ^ P- 12-5-13—775—A. D. C. 


(h H C. P. O.-N 




[No. II.] 


ERRATA ET CORRIGENDA 

(To the “ Aid to Land-Surveying," Large Edition, jrd). 


Text. 

PatTc 274, at tb(' insert the followin'^!— 

'*8-2. Ahriiir^tJ Niiufrrrl Al'rnud''- -An nl riib.'-rd edition of tlio Nautical Almanac is 
now piihlislird Inr ilio ii'-i' of ‘-i :tnu n. Il ^>''j jili s tl<‘ seamun uiili all t)u_* astronomical data 
he requires for liiulin',; l.is \m siti 'i, etc' , at i l.v oh-erN ations of llu* Sun, Moon, Planets, 
or Stars; or for tatinq In*- ('!,r. nnin J'm on s lao l-v o's(?r\at ions of tlie Sun or Stars. 
Quantities arc inven to a dc-.j,',- ol ;h (-nr.K v fMni|MraMe ^^itl^ thai nlitainahle in the data by 
sextant observations; as a tn i.cr.d rul-' to o i of ,ir(' .o;d o*- i of time, d he Almanac gives, 
at Greenwich mean noon llu'i uidioul tho \«'ara d in certain c.isos for greater convenience 
at every even hour ol (in enu leli imMii time, tin- positions, with reference to the equator, of 
all the heavenly bodit s tin* Si .oi .in makf^ of, in terms of Declination and Right 

Ascension, togclhor with tln^ Equation fd' Time, d ho valms ;d .any other Greenwdeh mean 
lime may he found, eitlmr by tin' ordinary methorls of inti rpolation, or by making use of 
certain auxiliaiy tables, or in (ert.iin (.mes bv insjiection only. All quantities in this 
Almanac arc computed for astroinm ical mean time at the meridian of Greenwich. The 
Almanac also gives the mean times of ih'* oi'currences of certain events (such as Meridian 
Passages, etc.) at the meridian of (iif enwi< h 

h'or every month, l’a;e- I ..i\es tlie Declination of Sun, Semi-diameter, Equation of 
Time, Right Ascension of Mean Smi [SfJc,i.l lini .')■ I’afu- II gives the Transit of the 
First point of Aii<'s, Seini-diimoler I f Moon, llori/nnial D.irall ix, Meridian Passage, Age. 
Pages 111 —VI giv(‘ th(' Right As in^iuii of Mom Sun, Declination of Sun, Equation of 
Time, Pages VII —X give fli * Ki'dil A-ecn^ion nf Moon, Deidimation, I'hascs- Page XI 
gives the EphcmcriS of Venn-, Mnis. R.ige Xll gi\('s the I'.plirmcris of Jupiter, Saturn, 
d lieu follow the .Apparent 1 iai’o. til St.ir^', Ai mT r.ition .ami Ki'larda'ion, Pole Star d^ahlcs, 
Rising and Setting rahl .', .A/imiilh ol lAih' Star, E(:lip-< s, ()l)servai()ries, Tide.s, Table of 
Proportional D.irts, I'.xplaiiation. 

Table of kisind or St-tti ai, I he qu indty given in the d'able when latitude and 
declination arc of tin' sane name, or -ub:iailed from twelve houis when latitude and 
declination are of dillen lU nunc-, is the liour-.iiigle trmn the meridian when the body is in 
the true horizon, no allowam e lx i g nia-.e tor relrai hou, etc. 

In the case of the Sun, the l.oni-a:.oi(. is the Apfunenf time of scftin^i, ami subtracted 
from twelve houi.s il is the Ap[).'uenl ((Avilj time ol usimf. 

In the case of the moon, pl.ux or sLir-^, tee hour-angle, added Xo the M. T. of 
meridian passage, is ti e .M. 1 . of sdUno ; subtract d from the AI. T. of meridian passage 
it is the M. T. of risu/i^. 

The rt'sulting tinx' m.iv he only appioximatit in the case of the Moon, owing to its rapid 
chaiiL^e of plaei.' in th * iie.iveiis. lA) obtain a more ex.mt time, th'* declination must be 
corrected for the G. Date eorre^jioriding to this approximate time aiid a new value 
of the hour-angle taken trom the d'able and still fmlhor corrected by adding the correction 

due to the daily variation of the time* of Moon’s passagi* ovi r t e meridian or x diff 

which correction may he taken trom the “ d'able of IToportional Parts**. 4 he time of 
setting or rising is then oht.lined, as I efon-, by adding or siibtr.icting the corrected hour- 
angle to or from the M. d'. of merub.in p.iss-ge. 

Example. —To find the time at which the Moon rises and sets on the night of February 
loth, in lat. 6o®N., long. i5o°\V. 


M. T, rf Mer. bass nt Greenwich, February loth 

... 

... I2l» 

32® 

Corr. for long. 150' W. and •* dilf.” 52'" ,,, 

... 

.•t + 

22 

Local M. T. of Mer. Pass., February loth ... 


... 13 

54 

long. W. 

... 

... 10 

0 

G. Date of Mer. Pass., Febru.iry loth 

At G Date C d Dec. 12’ N. 

• tv 

... 32 

54 

Approx. H. A. from labic ... ... 


7 

36 

Approx. G. Date of rising, Fetiruary loth 

• •• 

15 

28 

Approx. G. Date ot suiting, February iith 

• •ft 

6 

20 




( 3 ) 


Rising. 


Sdiing, 


At G. Oats, : L Dr.O. 

H. .\. frum 1 able 

Corr. tor 7' 42’' an 1 ‘ailT.’ 

14° N. 

7 *' 42"^ 

-f 17 

At G. Pate, (C’s Ore. 

11 . A. from Table 

Con*, for T II"' an 1 “ dill,” 

10'' N. 

"T IP 
1- 16 

M. T. of P.iss., February loth 

pi c,(yn 

54 

j M. 1 '. of Pas^., February loth 

7 '' 27' 

12 51 

M. 1 '. of ilsing, February lulh 

4 55 

^ M. T. ol selling, Id-hriiary loth 

20 21 


'Fhc b )ur-aiig]L', cIjF'iIik-( 1 fro ii the'J'ablr of lisino- and s<.(tinL^, is tliat wlieii the true 
altitude «)i (he c litre of (lie body is od Owiiiij^, liuv.'exci, to rcfraelion and Iieiidit of 
obs rvi'r’h eye, tliL centre of tlie Sun will at that time appear to be j \' (the relraclion) -1- dip 
(for height of ( y(^) dhove tlie \i'^ll)lc hori/Dii. 

To lind tlie hour-angle wIkmi ihc Sun’s centre will ajipcar to be in llie horizon, a 
correction in niiiiutes must be tulded to the tabular bonr-angle eqiud to, viz. i-— 

Sec. lat. Sec. decl. Cobcc. I I. A. ^‘ 

To find the bonr-angle wlitm the Sun’s njip. r limb will appeal to bo in tin: hririzon, a 
correction must be add^ d the tabular liotii-angle cqnal to, viz. : — 

Sec. lat. Sec. dtcl. Coscc. IJ. A. x ^ 

^5 

In the case ol the i\Ioon a similai roircLtioii mud be subtracted from the tabular hour- 
angle equal to, viz. :— 

Sec. lat. Sec. dccl. Coscc. 11. A. x 

15 

in order to find the hour-angle wdicn the Moon’:, cliiIio wall appear to b^ in tlic h »ri/on. 

Table of Propor/ional Tarts, —With the argiiment.s, dilf- icnce in tw’o hoiiis at (lie top 
ol ]iage ami interval Iroin nearest even hour of (.i M.d\ at left-hand side of pag(', the number 
in the Table is tlie jiroportional patt recjulred. 

With argumcnis, dilteic.'ncr in tw'cnty four hours at tlie top of jr^gc vind interval from 
nearest (j. M. noun at right-hand side of page, the number in the Table is the tiroportiunal 
part required. 

Lunar Distances .— d'hc method of finding Greenwich !Mean Time by Lunar nistancc'j 
—that is to say, by measurement of tlie distance between the Moon and another hea\’only 
body—is (.explained in all treatises on Navigation. I'lie Lunar Distanci an^ no longer 
printed in the \autical A!manac,h<zc>v\sc the necessity for llirir use c ouhl only arise in 
exceptional c ircnnistances; neverthelc'-s, there is probably no b. Ut.r metliud of becoming 
an exploit observer wdth the sextant than by practising this observation. 

d he accurac.y of tlie concluded Greenwich time is greater or less .meording as tlic 
distance of the Moon from the star is ehanging more ui less rapidly. 'This rate of change 
of distance^ varies with the Moon’s vcloeity o( motion at the instant, ovxr which the navigator 
has no contr^)!, and with (he cosine of the angle tint the ipeat circle dislaiice Ixdw’ecMi the 
Moon and the Star inakc'S wdtli the tangt nt to the Nloon’s path. The navigator should 
therefore choose his star so tliat tins angle is lc.'>'> than thirty degrees. 

'Lhe following method is recommended in order to secure that the star is suitable: 
Ascertain Irom tlic^ Almanac the declination ol the Moon wlicm during the w’Cek before or 
after the observati(jn its K.A. Is equal to that ol the st.ir under condderation ; and lake 
the difference between this dcclinaliun and that of the star. Then the star is suitable 
provided that this diffe rence of declination does not exceed live degrees for each fifteen 
degrees of distance or hour of clilference of R. A. 

The Sun and the: four bright planets, Venus, Mars, Jupiter, and Saturn, are usually 
suitable when visible slnniltancously with the Moon. One or ollu^r of tlm follouing stars is 
also nearly certain to be suitable :—a Arictis, a Tauri (Aldebaran), a Orionis (1 Ic^telguesc), 
a Geminorum (Castor), a Canis Minoris ^ Geminurnin (Pollux), a "Leonis 

(Regiilus), a Virginis (Spica), a Sccarpii (Antares), a Aejuike (Altair), a lb'sc:l.s Australis 
(Foinalhaiit), a Pegasi (M.irkabj. 

In the case ot the Sun, it is iinpoitant to remember that it is the true and not tlie mean 
Sun which is olservcxl. It is therefore thc.R. A. of the true or apparent Sun Ibal is required. 
It is obtained by apph iiig the Equation of Time with its sign as given in the Almanac to 
the R. A. M. S. 

lhe proces.> ol calculating a Lunar Dislanc'e is illustrated bv Piu lollowing example, 
which admits c) three nuMiihealiuns, acc ording as lhe Nautical d'ablcs ia n contmn Natural 
Versines, Natmal I lav ei sine s, car neither. All tablc.s contain l.og ii ivsrdnes, or, as they 
are somciimcs called, “ Log Sine Square.” * » ’ / 



( 3 ) 


Example .— 

/>? = li*iic distance between Moon and heavenly body. 

/-’ = dirf. of R. A. of Moon and heavenly body =4^ 9^ ji"* 
r/=:tlecbnation of \Ioon = 7° 56' 

= (U'rlin.iiion of licavctdy body = 29° 32' 30'^ S. 

=dilf. of declinations, il of same name, 

= sum of (Icellnations, if of diitcrent names, =37^ 2S' 50". 


f.o-. h:iv. P 
Loi^. cos. (/ 
Loe. cos. 1/ 


9*427922 
0*9958 iB 

9’9395 i 8 


Log. hav. 0 


9*363258 


<^ = 57° - 5 ' 37 


Usin^ N'lt \’i y.^'/:cs, \af. L\ing Log. Haveruncs. 


Nnt.Vcv-^.f) 46ie).’4 Nat. Ilav. d 23081 I.og. 11.'iv. d = Nat. No *23051 

N.'it. Verr.((/ (/') ^.'06439 Nbil. Hav. [d iP) 10322 Log. 1 l.iv. 6/ - d') =Nat. No. •io3-’2 


Nat. Ver.s. Z>^ 60 S(j 03 Nat. I lav. 79 334‘’5 l.og. Hav D 9*523785 = Nat. No. *331.13 


E = 36' 49'' D — 70*^ 30' 40" E = 70° 36' 48" 

It may be mjficed from the above that Nat. Ver.siiie—2 Nat. Ilaversine, and that the 
Nat. number corresponding t<i l>og. Ilav. is the Nat. Ilav. 


Page 195, inid footnote, at the end, add \— 

“ The throe great pcii"ds in ancient Astronomy ate— 

(1) IT'im r>. 270M to 15. C. 700, when tlie constellation Taurus led tlie Zodiac. 

(il) From 15, ( 1 . 700 to B. CL i2«> ulicn the ll.iti.^n Jn'is was considered to lead the Zodiac 

I lie \'crn.il ILjuinos: was lackoned .is being .it the 8th degree of Aiies, the pobltion held hy the 
st ir Jldiual at I he hegmning of the period. 

(ill) From B. L 129 to the prisent day, u lien tlie Vcrn.nl 1‘iquinox li.ns lieen taken ns tlie fiducial 
point from nlnch lh«' signs of tho Zodi.u are teckoned : it is the ‘ First Point of Aries.’ This 
lidiicial point is li.\ed .as regards the Signs, but moves as regards the constellations of actual 
stars.” 


O. B. C. P. 0.—No, 269 , C. L. S. R„ a 3 -ii*i 9 il— 627 —A. J, DeS. 




[No. 10.] 


ERRATA ET CORRIGENDA 

{To the Aid to Land-Surveying!' Lar^e Edition, 2^di) 


Text. 

Page 93, last footnote, line 2, for in read is/’ 

Page 259, line 2^, after “Art. 78" add^'\\\ei true Greenwich Time when the distancf" 
was observed can be ascertained.’* 

Page 259, beloiv line 23, insert the following 

'^Another Method. 


P 


let M be the Moon, S the Star, 
and P the Pole. 

MD is perpendicular to PS. 


Then, cos MS = cos PM cos PS - 4 - sin PM sin PS ('os P 

= cos PM cos PS (I + tan PM tan PS cos P) ; 

but, in the right-ambled triangle PMD, 
tan PD = tan PM cos P; 

therefore, cos MS = cos PxM cos PS (i -t- tan PD tan PS) 

= cos PM cos tPS — PD) sec PD. 


Example /.—Sun and Moon. 

To find the true distance between the Sun and Moon at noon, Greenwich Mean Time, 
on March 12, 1912. 

From the Nautical Almanac. 


Right Ascension. Declination, 

h m s 


Sun 

23 29 o’o 


S. 

5° 

20' 

54' 

tan PM 

- 0*271304 

Moon 

18 44 20'8 


S. 

28 

9 

=;6 

cos P 

+ 9’509‘^3« 



PS 

= 

93 

20 

5t 



diff. 

4 44 39’2 

PM 

a 

118 

9 

56 

tan PD 

- 9780334 



P 

s 

71 

9 

48 



(in 

arc) 71*^ 9' 48 ’ 






PD 

US'’ 54'33" 








PS 

93 20 54 








diff. 

SS 33 39 


cos diff. -f 9752456 

cos PM — 9*673961 

sec PD — 0 067349 


cos MS -P 9’493766 
MS 71° 50' 13" ss true distance. 

Therefore 71^ 50' 13^' is the true distance between the Sun and the Moon at noon on 
March 12, 1912. 




( 2 ) 


Example IL—Star und Moo?i. 


I'o find the true distance between Regulus and the Moon at 4’’ p.ni , Greenwich Mean 
Time, on February 28, 

From the N autic a I Almanac. 


Right Ascension, 
h ni s 

Moon 7 15 TtJ 

Star 10 3 42-8 


dift. 2 4 » 

,, (^in arc) 42 ’9'30' 


Oeclination. 


N. 

n 

29' 

22' 

N. 

17 

^3 

48 

PS 

77 

36 

12 

PMr: 

62 


38 

P = 

42 

9 

3 n 


tan PM + i>' 2 S 37 i 9 
cos P 4-9 809990 


tan PD 4 - 0*153709 
PD 54 56' 2 ' 
PS 77 36 12 


diff. 22 40 10 
cos diff. 4 - 9*965081 
cos PM 4- 9-664252 
sec PD 4-0 240694 


cos MS 4- 9*870027 

MS 42'' 9' ii ' B true distance. 

Therefore 42'’ 9' i F' is the true distance b* tw.-m Regulus and tlie Moon at 4 p ni. on 
February 28, 1912.” 

Pago 26], line 2^, 1st ('olunin, /or ‘‘ Cassio[)fM re>id “ ( assiopeia." 

Page '261, line 32, 3rd column,ybr Cham loon ’’ rend Charnielec)n.” 

Page 261, lino 47, 3rd column, for “ ('oelum " tead “Cmoltiin.'’ 

Pagt' 2’ i, line 50, 3r(i column.“Pixis” re-nl “Pyxis'^ 

Page 26 j, line 2 '^yfor ('assiopea ” rend “ ('assiopoia.” 

Page 2i)2, line? 34,/or ‘‘ Cassiopca ’’ read “ (. assiopeia." 

Page 262, lino 35, jor “ Cassiopea ” read (aissiopeia.” 


Illustrations. 


33 ) 4*^9' Irnm R.A. iih. 5m.. I)e(\ s"’ o' S., to R.A. joh. 25m., Dec. 5° o' S., 
draw a doited dnisional lino l)oiu(^on the roii.slcllations VlRtiO and SAX 1 ANS. 

P.igo 34, tig. 4S8<'7, oetween R,/\. 8I1. and loh, Dec. 2P N., insert the word 
“ JiQUA rOR ” parallel to and just bfdou the Fquinoctial lino. 

Page 34, tig. 48(8^7, betwocn R. \. 8ii. ami loli., Dec. 15'^ iM., insert the word 
hXIdP ri(' parallel to ami just above the line of the h'cliptio. 

Pago 34, llg. 4S()^, Irein R.A. i2h. 30m., Dec. 3^ o' N. to R.A. \ 2 h 30m., Dec. 4'^ o' 
S., continue thf* dotted divisional line bcparatiug tin* constellations LFO and VIRGO to the 
( onstellation C RA 11 '" R. 

34 ) 4 ^‘J^) h(‘tweou R.A. 1311. and i^h., I.)ec. 2^ N., insert the word 
ItlQUA r(_)R ” parallel to and ju^t below the lAjuinortial line, 

34 ) bct\>een K,A. i8h. ind job.. Dci 2 S., insert the word 

“ IXLIP nC " parallel to and just helo^\ the line ot tlie Ecliptic. 


G. B, C. P. O.—No, 313, C. S, L. R., 1-4-1915—500—3. A. P. 



INo. 9.] 


ERRATA ET CORRIGENDA 

[To the Aid to Land-Survcyin;^," Liiy^>- Edition, jr 


Illustrations. 

P- 3 ) fig ) 1 ^ 3 ) “C ” reatl “O ”. 


G. B. C. P, O.-No 7, C i(a). i3-5-i9iJ-?7'>—U. A. W. 




[No. 8.1 


ERRATA ET CORRIGENDA 

( To the "‘Aid to Land-Survey in^y' Large Edition^ 


Text. 

Pp. 174-175. Hetween the pii.^es, insert as p. I74<?, the following ; — 

ExAMPLii —Reduction oj the Co-ordinates of Stations from Rectangular * 7 - 1 ^ 

to Spherical. 

Latitude of Origin {^o)/y-' od 00' N.y Longitude of Origin {L^) g 6 ^ 00' 00" E. 


Name of Station (Sj 

©52 

036 « 

(X- 17 30' N. 
'K. 96 .5B. 

<X- 17 15'N. 

^ J 1,. 9<) )5 li. 

Y in chains (± d I;) 

N. i,285'o9 

N. i.o-.o'o ) 

N. 2,752 04 

.V. I. 37 fr 7 / ! 

I.og 

3*108923 

3*217508 

3*439655 

8i388()I I 

Log 6() 

1-819544 

I Si 9544 

i‘ 8 i 9:;44 

J-BI 9544 

Sum = lo.^ Y in feet 

4 ‘)^iA 77 

5 ‘o 37“52 

5*259199 

4*958405 ' 

Y m frrt _ y in .nc approximately 
'= Yflf. 

-1*0 14 08 

4-0 18 09 

/ it 

4-0 30 16 

4-0 15 09 


±JYa 

1-0 7 04 

-fo 9 05 

4 * 0 15 

+ 0 7 54 


\o ... ... 

17 00 00 

17 (0 00 

17 00 00 

1 7 00 00 


Algebraical Sum 

17 07 04 

17 09 05 

17 15 08 

17 07 54 


A. C. of log horn Table UII ‘ 
for AIgcbraic.il Sum. 

7 - 99(»320 

3-996320 

3*9963*5 

3*9 J6301 


Log Y in feet 

4-92^477 

503705* 

5 *- 59 i 99 

4*95^405 ' 

Sum = log Y in bcconds 

2-984797 

3*0333 7 ' 

8*255513 

2*954706 


Y in arc f 

-f-o 14 01 

/ f/ 

+ 0 18 00 

f u 

4- 0 30 01 

4-0 15 01 


Ao ± Y in arc \'a 

17 14 <’I 

17 18 00 

17 30 01 

1 17 *5 01 


X in chains ( ± i^ 1^0 

4-1,49772 

+ 1,232*97 

4- 1,31961 

' 4 - 1,321*40 


Log 

8*175431 

3 090953 

3*120446 

3*121034 


Log 60 

i’ 8 i 9 d 

1*8195 

i* 8 i 95 

1-8195 


A. C. ol log from Tabic LIV * 
lor A'fl. 

7*013024 

2*013780 

2*014253 

2*013663 

— 

Sum 

3 *fX )86 

2*9242 

3 ’ 9 S 42 

2*9543 


'I'wicc „ 


5*8484 

5 * 9 <i 84 

5 ' 9 i>S 4 


Log from Table LV for X'a . 

7’^339 

7*8404 

?8447 

7-8393 


Sum = log Arc-versinc 

1-8561 

76888 

0531 

“7477 



/ •t 

0 f H 

, - / « 

0 , « 


Arc-versine 

0 0 1 

00 I 

, 0 0 I 

j 0 0 1 



\'<i—Arc-versine = Lat. of (S) i 7 U | *7 »7 59 17 30 00 17 1=; 00 


Log X in chains 

3 '175431 

3*090953 

3*120445 

3*121034 ^ 

,, 66 

1*819544 

1*819544 

1*819544 1 

1*819544 

A. C. of log from Table LIV * • 
for Lat. of (S), 

T013623 

2*013780 

2*014253 ' 

! 

2*013664 

Sum =: log X in seconds 

3008598 

2924277 

2*954342 i 

2*954342 


.. , 

/ // 

0 1 n \ 

0 ! ' n ' 


X in arc t 

4-0 17 00 

4-0 14 00 

4-0 15 00 1 

4-0 15 00 : 

Lo ... 

96 00 00 

g6 00 00 

96 oo 00 * 

96 00 00 1 

Algebraical Sum = long, of (S) 

96 17 00 

96 14 00 

96 15 00 1 

96 15 00 



t X in arc and Y in arc have the same signs as they have in chains. 

* r\t 't'fiKtAa r«Vi RHifi/in 






P. I So, Art. 4, line 6, +863^' read +8*63*'. 

P. 180, Art. 4, line 11, for ‘‘ AG/^ read “ DG 

P. 186, Art. 29, line iS, col. S of forni,yi?r **075 ** read 078^'. 

P. 186, Art* 29, line 19, col. 6 of form, for “ 5*34” read “ 5*54 

P. 192, Art. I, line i, against the 2nil “ Astronomy ’’ place 2 asterisks (**). 

P. 192, at the bottom, the following as a foot-note ** Astronomy is divided into 
two branches—gravitational, or astronomy of position, and physical, which concerns itself 
^\ith the composition of the heavenly bodies 

P. 205, line 41. insert two asterisks (♦*). 

P. 205, at bottom, insert the following foot-note :— 

“ ♦ In the case of a penumbral lunar eclipse it may happen that though prccl’ctrd in the N.A. there mav 
be no indication of the phenemcnon, either by the appearance of a definite shaikw cn any portion of the 
moon’s surface or only of a dimming (if the mo(,)n*s lieht. The explanation cf this is that when the mo( n 
only enters a slight distance into the penumbra, there is little or nothing to obserxe, 'I he N.A. gives the 
prediction because it is not easy to know where to draw the line. Any contret with the penumbra has of 
^ate been given. "I he policy is no doubt que'-tionable.*’ 

P. 62, 1st foolncte, add : Sheets of the millionth scale miles = 1 inch) series embrace 4. long. 

X 4^^ lat. ; the included Degree Sheets =: i" I mg. X 1'^ lat., and the Standard Sheets = it;' long, x h'lk, 
the size cf the older series being 30' long. X 15' lat. The scale of the Indian Atl.as is 4 miles = i inch.” 


Illustrations. 

P. 8, 216, insert “ B ” at top of the circle. 

P- 3-^. P’K* 475) E \V, below 7 , insert a dot ( ); and slightly to left of 7 

iyiscrt an arrow-head (<•—), faring W. 

P* 32, Pig- 47^j the arc cL, insert an arrow-head facing L. 


G. B. C. P. O.—No, 3x2, C. of S., L. R., i(a), a7-3-i9i5-5<»-J- A. P. 



No. 3 .1 


ERRATA ET CORRIGENDA 


>To /hr "Aid to f.iinif-Siirvoving,” Edition, 


Text 


lOo, para 174, line 13, af/i / ol ” /N.serf “ any.” P. 

1(12, Table VIII, line t), after be ” insert “ the 1 
^anle as those in i<)c8 (or i()()4), 

171, line \ 2 jor " 1-634377 ” rnut “ r<)3437b’‘- p 
171, line 13, /(?/■ “ 1 b405b<> ” read “ r6405()5 
I 71, line jor “ 28-85 ” read “ 43-71 


P. uj!i, to the 5th lootnole add ‘‘ The red appear¬ 
ance of the sun when on the horizon is due to the 
absorption of the blue rays of the refracted light 
bv the atniosplu re.^’ 

P. 203, line 45, after ^'partial" add “according 
to the distance of the shadow of the earth from 
the luooiTs nolle 


C. P. O.—No. 54, C. S. tk L. K. J5-7-1911—824—J. A. P. 



No. 2. 


ERRATA ET CORRIGENDA 

I'To the “ Aid to Land-Surveying” Large Edition, 3rd). 


(i) Text. 

P. 119) 1 st footnote, line 3, after “ sun * insert : ** Tho Ioniser the ft>cal lenii^th of the object 
j^lass of a tcloscopc and the shorter tlic total length of the evc-piecc, the greater tlic magnification 

P. Iiy. 2iul lootnotf, at ond, after “ t‘<jiIc'ltor add : " 'Diert' has alwaNs been a kirul of rivalry 
between the rctrat ting and ri llectini' telestt.pcs \\'here act urate measurements arc requiretl the refractor 
is generally to be preferred. \\ here the objett obs(.i\etl is extremely faint, the rellectur has the adyantage, 
tor in proportion to si/e reflet t ing lelesi •-pi s are nt miu h shorter l(.tal length, thus pri'ducing a smalli-r but 
brighter pit lure In the i‘(]ualorial teles( opt*, thi* telest t.pe is jierpendicular to, and tan turn about, the t’et lina- 
tion axis '1 he cletlination .ixis is perjienditul.ir tt>. and tuiiis aliout. the polar .i\is A po'^tiioti-micyotm ter is 
placed in the lot al plane ol the teltstope b\ uu.ins ct uhith tlv* tlistant e bt'tween two \erv near stars, whit h can 
be seen at tht'same time in t he heM ot \ leu. or the diameter ot one nt the jilanets ma\'be measured. 'I his dis- 
taiue is measuretl in linear measute, '-.is. in ftattions dt .in iiit h ; the angle between tht* two positions is fouiKi 
by dividing this position 1 »y thi' It'tal lenglli of the t(‘leseo|)e. W ith .1 large telesmpe anglt's to nearly t-ne 
minute t)t art mav be measuri'tl—t>r less than ‘^th ol the tlianieter t>t the Sun or Moon h’or angles toiiipar- 
able in size with the Sun’s tli.iiu. tt r the lUi st af t urate xisual obser\ations are matle with an instrument tailed 
licitomctci\ which is an equati rialK lui unud liT'stop.- ha\ing its t)l jtat glass thviiletl into two halves 
which can l>e moved by means whit h .u’niit ( i 1 lie tlistance Irom the ttuitral jiosition being accuratelv deter¬ 
mined. I’he telescope is set ri in its suuph'st ii.rni when it is usetl for photography. A [)hf)t«)graphic telescopt' 
is merely a large pht>tographic lens ot n rrespondingK long tt»cu.s. A photi>graphic plate is placetl inthe 
ItH'al plane ol the objet t gl.iss or i. tlet ti r. and gi\«‘s a permanent na 1 Ttl tif the image formetl there. Like 
the hcliomt;ter, a iihotograph can be usfd p.r jmthng distances .anti relativi* direttions of st.irs whose tlistance 
apart is less than t>ne tir two tiegrees 

P- ^ 19. loolnote, line 3. ^jtcr " glass insert: “ (a ileiise glass with large refracting power)”. 
P. 119, 3rcl lootnote, lint* 4. after " glass ’ lyiscrt: ‘‘ (a lighter glass of less ri'fractiye power)”. 

P. 14^1 lootnote, add tlit‘ iollowing para.: “The mean ui the times at which the star 
crosses the wires gives, subject to some small tortettions which arc easily tahulatetl, the exact movunt at 
w'hich the star crosses the meridian.t he //^///ascc/zv/e//. To obtain the star’s dcclinaticn it is neces¬ 
sary to determine the altitude at whit h the lelt sttipe is pointed Whth a gootl instrument, a good clock and 
a gotitl tibserver, the right ascensitui anti tlet lin;iti«.>n ol a star t an be tlelerrninetl with an error which is 
seldtirn nmre than 2". To form an i 'ea of 2' ctunparisou iiia\ be math* with the angular diameter t)l the 
Sun, which is 3t/ tir i.Stio". • 

P. 197, para. 44, line after " t loek ” insert 2 astt'risks (**). 

P. 197, at bottom, after 5th footnote, insert:''** The tiim' irulkatel by a sitlcrcal clock 
(suppt)sed to be corret t; gives the right astensions i.| all stars whith arc at that moment i>n the meridian ”, 

P. 199, footnote, line G Irom bottom, after “ 4G'5 ”, befort* prexious ailditions, ; 

“ K,\ccpt for a limited number ol stars the p.ir.dkutK eflett, i e , the ihange prtxluced in tlie uTative positions 
of distant objects when viewed from different points, is pr/utually insensilile among the stars owing to their 
immense distance ”, 

P. 199, footnote, line () Irom Ijottom, after additions, insert: “Of the number, 

( onstitLition, ( haracterislif s, distance. Ml.iss, \t.|ume, density, proper motion, yehuily, luminosity, c*tc , of the 
stars our knowledge is still extremely limited. In the w<irds ol b.ipl.ice ‘ Cc qitc nous Lunnaissons cst peu dr 
(hose, cc que nous t^i'norons cst inimensr ’ ”. 

P. 201, footnote, at end, fz/Zt-r pr<'\ ions .uldilion. inst'rt : “ I he point of the sky towards 
which the solar system is moying has K A. -Z75’, Dec N , .md is not far Irom the star Vega. J'lu.* velo¬ 
city w'ith which the solar s\stem is inoviug through sji.ue is tomul to be .ifiout 12^ miles per second ”, 

P. 202, ist lootnote, at end, after " earth- ight odd : “ The Sun's .axis is inclined at an angle 
ot 7*^ to the perjiendicular to the ecliptic, h’rom 3rd Jum* to ^ih December the plane ol the* ecliptic is north 
of the Sun’s equator, and thus lor this hall ol ihe \e.ir the Sun's north pole is on the visible side of the Sun, 
and in the other half of the year iis south p«'le is visible ” 

P. 203, line 21, after 'point ” insert 3 asterisks (^'**). 

P. 203. line 35, after " C'omets ” insert 4 astcTisks 

P. 203, line 35, after “ met<*or.s ” insert 5 asterisks (♦****]. 

P. 203, line 17 from bottom, after " intervals ” insert “as in lom,”. 

P. 203, line iG from bottom, after " lunar ’’ insert •* c.r 3 solar and 4 lunar ”. 

P. 203, line 15 Irom bottom, after " annuaby ” insert “as in 

P. 203, line 14 from bottom, after " 3 ” insert " ,,r 4 ”. 

P. 203, after the 4th toot note, insert the 3 following footnotes : 

“ The existence of a radiant p(unt shows that ;dl mc:teors are moving in parallc'l lines. If meteors 
were falling j>erpenclicul.ir the earlh, their paths when dr.iwn on a globe w'ould all pass through the zenith. 
I'he })osition ol the radiant point gives the duection in which the mctecjrs are mcjving relative U) the earlh. 

♦ I'hc swarm <4 nu ieors, known as the* Leonids, has its radiant point in the cunstcllaticin Leo ; they 
move in nearly the same ori.it round the .Sun 1 his orbit and the Earth’s intersect at the point where the earth 
is situated on 13-14 November, w hen the meteors become visible These meteors move in an eccentric elliptic, 
orbit which stretches besoncl Uranus, willi a period of 33^ years 

♦ ^.\ toinct may be said be made up of a loose collection of meteorites, gathered possibly a larger 
central nucleus. When the cornel approaches the .Sun, heat and olhc*r radiative influences tend to disinteg¬ 
rate the mass, and to drive off gaseous constituents which lorrn the tails ” 

P. 205, last line from bottom, after "eclipses” insert an asterisk (*). 
i^. 205, at bottom, insert the bellowing lootnote ; “ ♦ A solar eclipses should be viewed through 

the medium ol a dark or smoked glass ; it may also be seen, by reflection, inverted, in a basin of still water 

P. 245, line 7 from bottom, yijr ' to ” read " of ”. 

P. 261, footnote, line 2. after " English ” insert ” doggerel 

P. 261. footnote, line for comma (,) after “Seales” put semi-colon (;). 

P. 261, footnote^ line (0, for " .Sea-goat ” read “ He-goat 


O. D. C. P O,— No. 2to, C. of S. k L. R., i (a), 19-11-1910—1,100-E. X. deC. 



Jo I, 


ERRATA ET CORRIGENDA 


{To the “ Aid to Liind-Suf i'eyingT La)ge Edition^ 3>‘(Lj. 


(i) Text 


C II, Art. 1<S, insert lolluwiiij^ footnote: — 

“ PrnhJcni : l^'lnd th<' difforein'c bn wren llu- radii ol any 
two ronmilric (irclcb \vhnM- circumfcn nci's diiTcr in li-ngth 
1 )\ () 

l.n A'.irul y be the r.idn oi the l.ir^er and smaller 
cireh's, rcs|ie(:tively. 

'riu'n, 0“' of smaller 0 = 2 tt r ; 

• ^ _ 2 TT > 

2 TV 

And 0^*^ of larger 0 = 2 tt A’ = 2 tt r -f ; 

A' = . 

2 TX 

n _ 27 r/-ft' in Y 

I lence, A — / = - 

2 rr 2 TT 

2 TT 2 2 

I K), Art. 28, line \ Ay for “ I ’’ read “ 

C 1 nj, Art. 28, line 32, for “ 1 ” read 

I 13, line 14, after “plotting'’ add “ 1ln‘y 
ronsisl of th(‘ plane-table slieet^^ on wlticb tb<‘ 
traverse stations are coordinated and plotted 
and on ^\llic•h the detailed mapping is siibse- 
({iiently entered.” 

b 160, Art. 157, line 18, ajter “originals” ,:dd 
“ For drawing and printing on tracing-cloth, 
indiaii-ink should alone be u'^ed ; tl (* ink is 
improvt‘d lor writing ^^i(tl on eitl er tlegla/».(i 


or the dull surface of the cloth by a slight 
admixture of indigo-blue paint, which may be 
effected by rubbing the cake of the jiaint in the 
colour saucer containing the pn jiared ink. 
\\ riting ink, blue-black or other, is unsuitable 
for map w'ork on tracing-cloth.” 

r. ibi, line A, for “//A” readAd 

P. 162, Art. 7, lelt cob, line 'A^yfor “pri;:;” read 

P. ifi2. Art. 7, lelt eol., line 35, for “S’l ” read 
“8*10”. 

P. ibp iXrt. 10, line 8, after “apply” insert 
“arbitrarily”. 

P. 165, eo). line 15, for “”281 40'” read 
“ 281" 40' ”. 

P. if)5, (ol. 15, liiu' 2 \yfor “ 2 ” read “ i 

P. It/). Art. 3(1, to the 5th loot note add'. 

“ \\ hi n .t r.'i\ t'l light jrem .1 rarer inln :i iIimimt 

nii'dium till* ri-liMi I idi is tu'iVQi Js thi giTjinuht iil.ir, ur the 
angh'ul rtIr.'.ctmii is less than the angle ef incidence On 
the < < Ill lMr^ . \sh( n .i r.l^ el light p.'e * i ^ Irt m a dt user into 
a rarct int diijin, the relratlH'ii fo»i the iierjii ndit nl.’ir, 
or the angle el n Iraitieii is gteati r than the .ingle el iiu 1- 
dtnte ,\‘-tien» mil al ir .itnni'-plu nt relr.iclieti is the 
,'ipp.itent .angiil.'ir ik\.'ili( n el the hea\inh hedies aht)\e 
tiieir true pl.'u es, c.'tieed bv tlie n Itat tieii < 1 the ra\s ef 
liehi in llit ir pa’-'-.ige through the e.'iilh’s .itino'-phi re, se 
that in ( eii'-eCjneiK e et this relr.'iclieii the hi.iM'iih hedies 
.ippeat higher th.in tlu y re.illy are 


(ii) Illustrations. 

k 22, Fig. 411, on limb, ll’o 30' di\isions Irorn o to 10' should bo ball tlicir length. 


:i. 13 . c. P. O. —No. 45, C. of S. & 1., H., j(a), 5-8-1910— 1,020—F. X. deC. 
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ERRATA 


F.T CORRIGENDA 


(i) Text. 


P. 19, Art. line 2, after “ ” pl.ice 2 a^Uri^ks 

P. Kj, Art- 42, lim^ Iraiisfosr '* 7” aiul “ 17 . 

P. 19, Art. 42, line transpose “ 7 ” nnd “ 17’’. 

P. 19, nt bott'Mii, add a ^rd ft tot note : “ To ftud the 
pf'viphctv {(ipp}o\i)iiatrly) of aiifllipsc. Rul'^: 
.Multiply the square root of half the sum ol the 
squares of the two dianuters bv V. Thus, in the 
example, periphery = Y J H7M 7'“') = V 
=; y X 13 = 4 l. To find the length of any 
ordinate (the transverse (a) and eonjui'ate (h/ 
axes, and the distance (f the ordinate from the 
centre id] being kntnvn. Rule : Take the 
square root of llie diffeience between the sqn.ire 
ot the semi-conju)3[ato axis and the square of the 
product of the semi-conjugate axis with tlie dis¬ 
tance of the ordinate from the centre divided 
by the sembtraiv.verse axis; i c., \ = 

fjy I has, in the example, taking' 

//j y 

d equal to t„ .r = — J j = 

f= ^/I2•^5— 4 -.- 4 = V 3 "i = iS 3 . 

89, instrt the following after the footnote, under 
' oHSKKVATloN cis.; *' It h = the height of the 


tibserver in feel, and d — the ilistauC(‘ (1 the 
hori/tin in nnle^-: then, h \d‘'. Because if / — 
the radius ol the earth (r I //V* 

/- -h d" ; d" h' -f 2/,'/. But as js 
comparatively vey small it may be taken .as 

h 

ne^iiijible ; so </- = 7.92(1 X ^ - !h. 

K'lij^hly. at 10 feet hit,di, the hori/cii is t mile, 
oil ; at 20 ft., 5| mis ; at 30 ft., (>,' mis ; at 40 
ft., ; ; mis.; .at 5<- ft., Si nils 

P. rbo, Art 1^7, last line, (^/V'/' “originals” insif't 
‘‘ Eor ilrawini;^ an<l printing on tracitu^-ch'th, indian 
ink slnmld alone be iiseil; the ink is improved toi 
writiii}^ with on either the itlazed 01 the unyla/cd 
surface ol the cloth by a sia»ht .idmixturt' of in- 
diyo blue paint, which may be ellected by luhluni; 
the uaki'ol the paint m the colour-saucer t ontain- 
in,i4 the prepared ink Writine ink. blue-bhu k or 
other, is unsuitable lor map work on tracin^- 
(loth.” 

P iqCi, to the 4lh lootnole add the folIowiiiL;’; 
•' b.itest value of tlu' S' lar parallax.—h’rom llie 
reduction of tin* photographs ot I" os taken .it the 
Camhfidoc I’lm er-ity ()hs( 1 vatoi \ . Mr. A II 
11 inks .mnounceilat ihi' Aslro^;r.aphiL ( amfeta'iui’ 
at Pans th.at the lesultin^ value of the solar 
par dlax was 8"'8o7”. 


(iv) Illustrations. 

P. Ixxiv, Item 7, line i, de/ote the haver ot the two 
parallel lines ot the di.ii^rani. 



ERRA'I'A ET CORRIGENDA 


(i) Text. 


P. 3?, Art. S, line 14, at oiul, Jilrfc tlu' (t) 

P. 32, Art. 8, tiffcr lino i j, ///■( /'/ ; 



o; 3-7 410 



VS 



1 2411 24 () 

T 


2f’l 



4;: 8 (' 31 ) 


^371 

7'3 t 


p. 

33, fust fodneto, line' ?, 


‘ 1 - 2 ' 

’ /.-I.'/ ‘4 -> 


p. 

3 j, Art. 13, line f / ‘ 


’ 

“-lb". 


p. 

3t, /\rt. Ts, line' i". /b; 


’ ; >d 

” d "• 


p. 

33^ Art. J 0 , linr; !>■ in 

holt. 

•in, /I'l 

!.. lit" 1 

’ (0,1 


“ l’. (Ot. 73 ''--S' 





p. 

36, line 8 from bolt 

oin, 

“ ; 

to'.'d " i 

1 .'./ 


“ io'238D3 " 





p. 

81, Art. 8, lino J, a/fe 

r “ 1' 

' l.'cl” 

ilt/d " SloUl ' 

I.'ll 


chains .ire nu'fe rt'liablc 

than 

ih in iron ' si.'- 


p 

(;8. An I’L lino 3 ‘h 

af/ei 

“St. 

il " /.'(/' “ 

I'l'g 


44 -') 

1\ ()(), lino 22,''//i / “UMiisitthc" //‘wv/ ‘'M.ir” 

P. 09, M'l'nnd line 7, "XWH” /.,///' 

“ XXXVI 1 " 

P. lov lino I, ./I'r " X ('cinRa- " / c./,/ “ X 1 . !’l.t-'c- 
tabli' 

P. 117, Alt. 10, li»io E /*’/' “ ‘0 ” “ Jo"- 

P. 1 iS, Art. 25. lino r, JrJrlr “ (Imiu;'”. 

P. jiS, Art. 2::;, lin'‘ I, "NMcr (I'lpli-yMoR-nl 

force” I't'iiJ " I'ori mn'-.l ni\ei Ik* eni[)lovrir’. 

P. iiS, Art. 27, for “lallinL:' llio iiv.ininif ni” 

“ Pl.icinij ll’o iho"(l<*lite ”. 

P.119, Alt. 28, line (' lioMi lifiiiniii^ .///.', “Xoidlc” 

iini'i'f 2 .asterisks (' * ). 

P, III), \ri. ‘S, lim* «), bflt«-in, a// ■•()!,)'< it 

(il.iss” .O’lori-lvs 1'*' ). 

P. II'), lir^l fi'iiliiotc, lino -'//(’/ ‘‘^uni ,u/,f “ I hn 
‘ iiolil "1 vitw’ (it a lih'M.jjc sii;niiir-, llm Mu.dl 

(irciil.'ir p.'ili li nt iho sk\ whiJi 1, \ wlion 1....Iv¬ 

in^ thioiiL;b .1 telesi Iipe jjoiiilfd I" llu* 11. In 
an nr(liii.ir\ tolos<'>po with .1 in.n;nii\in^ |n-\\. 1 
1,00(1, the liold ot \ iew udulil hn ,ih<'iii inimito. m 
anv^ul.ir ino.isiiri-. '1 he li^lu r the power the r- 

ihe held of \ii‘w. and the orc.il* r th-' dilli*’.'li\. 

( onseqiientl\. in tollnu iny .1 star in ils diuin.il nioHi.n. 
This dini<.nlly i-, liowe\er, o\eri onio h\ :in c pi.'it< ri il 
iinjiinlino ,,l the ti-lescopo, so h'!<-d. m r,-jx-r; to the 
polar and doilin.ilion axe-, ih.il i>\ nit-nv-. d .1 
meeh.-iniLal tonlri\aine the icl<-s( opo mav he lo.idi' 
to lollow a star m its diiini.il inolion. .A ii-le i'o|j(_- 
for ;istrononiii al purposi-s has len.illv a sinalli r 
teles(;(*pe, e.'illcd the * lindor ’ l.'i-toned to the h-wor 
end of its tube, h\ whuh the objeot may be lird , 
found and broiiyht dirootly into the liehl d \u\\ o| 
the lari^or telesoopis 'I'ho small toh'sropc i-> providi d 
with a low ma^nihinc^ power, and h.as ihereloro ;i 
larger hold of view.'’ 

P. 119, at bottom, a third iootnote: “ I he 

object-glass of a rcfraolino teli'sdhpe (misists of a 
ooinbination of a oon\cx lens of emun gl.iss and a 
concave lens of Hint gl.iss by wbidi tlie di-ixTsioii of 
rays is neutrabzetl. By th(- action ibe «'hjetti\o, ■ 
in tluis bringing ra^s to a hx us, the im.igo ol a ; 
distant objocl is formed in the foial piano, whu Ii j 
is a plane that passes through the hx us ;it right • 
angles to the axis or line of sight of the '('lescape.” 

P. 119, at bottom of footnotes, add “ In some (»f tin 
new-class instruini'iils it is attached (0 the horizontal i 
plate”. 


P. 121, Art pj. line-. /,•; ‘‘Le\elling” read “Kori* 
zontal lt'\i Hing ”. 

P. I2i, \rl |0. lino “Noiir” / re./ “ the 

P. 121, .Art. [']. line 8. in 2 pi.ires, /b/ “\onr” lead 
“the". 

P i-^r. Art. 48. lino i. /b/ “ Levelling-” read “ Ilori- 
/onl.'il evelhng'b 

P TJ2. line I. . <///-•> “ lcv('l ” /aO'/ / 2 asterisks ( ’ 

P isj. Art r line j. /, ^ " verniei ” nad “gi.-idiia- 
I i ns ■’ 

P I 2 ■*. Art. 0 liiu* '.(hid" Ihisshmihl be doiK' once 
hr .ill by the Mirvi‘\«'r .it the heginniiig’- ot siirxev 
('per e I'-iis s.i .Is t(> ‘ nit Ins ( wn \ imoii ” 

P iz-*. |ll■'lnl■te. it/!,r line 1. la^eit in sonn* of 
till'1.Ill 1 ivp('ot III'tr'iiiK I’t' there are luo hori/ont.il 
li‘\eh; liX('d lo till' veniiir |'l,ile .at right angk's to 
I'.ich othi r l’\ this nil'.ins tlu' neiessitv tor tnri’ing 
lilt i(le-r i'e .1 ipi.liter round is ohviaied 'I'hi' 
biiM.le d the pi nil i|i.il Ie\el isbroiiglit to the centre 
d Itinn h\‘ the two loot-screws jx'ir.illel with the 
level, .ind th.il ol the '-mallei |e\d hv .1 similar 
.idjii' ln'( nl w il ( the thud loot-si rew ”. 

P I 2 lint' ' " v( iir’’/('/,/•* the " 

P. I 23. hiK' 3, /b/' “ \our ” iCt! / ■* the ", 

P. 124. All. or, hno I. /e/ '• I low t" ( h.inge” 1 cad 

" ( h.llti’e ol 

P. 1 24. .\n. <1. line 2 from bottc m, /e/ “ it ” / / a,/“ the 
(I'inp.e s ht'X 

P. l.'j.Aii 6Ilni? 2 ./is “the” t cad “,i”, 

P. iJt Alt b2. line 8.‘ .IS hi'ti're 
P .27, line 16. t\>r ‘ hbii e ” lead " E.ices ” 

P. i.'b, Alt. h7, hiu' I, id'an'n'l “Suivoying” inscit 
t'Ao a-h n-.k . ' ') 

P 1'8, .\rl ('8. line i. fer" {.S'i ” tend “437”. 

P 12S, /\it oS, form .-it bottom, l.n.t col., line 5, for 

“ loti-iX) ” / «■</(/ “ lo.i .>0 " 

P 1 ^8. I.'(i(iv.te, lnu‘/lO' '* IS ” / (’Ui/ are 
P I uS,'ll bolinm,///s. ;'/the following additional foot¬ 
note; .S .li'-f i( liirv Ln'ograyihie.al map-making 

mn-a lu'oes'- inly bo b.ised on luo sricnlifie tnnetions, 

/ .•, lii.mgul.ili'in, which me/ins the accurate fi.xing 
ly c.h>ei\iti'n an 1 inalhematitMl cleduction cif 
(i rl.ain j Old . .ind lo.itures c-n the entlihs surf.acc ; 
and t' p g' 'I>hy, wliM h nie.n s the-; aci uiate ileliiiea- 
lion on the spot if tile li.'ilurc's of the country 
rel.iting to these tn.meulated points/’ 

lb ig<K .Art bS, foiin .it holtoin, l.isl eo| , lino 2, for 
loo l}(j ’’ read " loo o() 

P. 143, Alt. Sf', line I, /('/ " Manner of observing” 

; tad “ 1 r.i\ ersing ”. 

P. 113, Art 8?i, lino ij, for “ yourself ” read “ oneself 
P. 14V Art Sh. line m. for “ oliserved .at” read 
“ obsor\ ed to ”. 

P. 143, .\i t. 8’i, line 11, f)Y “ your ” read “ the 

P. rt3 Art. 8h, line 13,/"#' “your” the”. 

P. 143, Art. 80, line 15,/o/' “your ” read “ the”. 

P. 143, Art. 86, lincj for “your” read “the’*. 

P. 113, Art. 86, line 28, offer " the ” iiiserf “ given 
P. 145, Art. 87, line 3,/co' “ kwins ” read “ villages 
P. 143, Art. 88, line 2, for “latter” rea,d “taking of 
onsets 

P. i4?, An. 90, line 6, after “work” add “Steel 
chains .-ire preferable' to iron one's, and stout chains 
to ihin ones; the latter arc apt to bend and break 
and their ring', to open out ” 
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p 145, Art 0 *-i-■ I 
I>. 145, An q;., linr- c,/,i/' “ r.'iinp " ;<■/,/ “ ';c(n<'n 

P. 145, Af' ‘ ■'' “'^^■‘'' 11 '' 

l\ 14S< An Q,';, I:n<-* S from lioltom. /-o " I Iu’m' 

“ Stations tl'iis marked ” 

P i 4 v Art ()<’, lines 4 to v from lu 4 t('m, /• ^'^‘‘l.ytlie 
A 'i + (.imp ” /1'(/(/“ to tlic tia\( isr hiir\e\*'r ’ 

P. T4t<, line 4,/’/' “mnik ” rraJ “ smuIm-I 
P. 14^), line 5, /or eiifiie ”/ov/,/“ < entTe ’ . 

P. 14<^', line 0, /. r “ mai k ” t raJ “ s_\ nibol ” 

P. 14^), line 1 o, /,'/' ‘‘ are ” / < oi/ “ ^ honld he 
P 146, line 13, fer " ‘ ” 

P 146, line in, iift,r ‘^'llso ” /'ro ;7 M )nt^ or more ^\\h- 

traverses slK-iild he inn tliioiiLdi the MllaLje and as 
many < f the field siir\e\ oi's teinp"Taiy nations 
picked np as fjf<ssilil(‘ It s impiiative lli.it the 
theodolite traverse ^Imiihl he d-'iie in the same season 
as the lie1d-siir\tvoPs work, so that the lield-sni- 
\eyor’s temporar\ nations ma\ le tranahle cn the 
j-round, and the ilemartation linos may still he lonnd 
open ” 

P. ]4fs lire 7 (' -///</ “mapped" iirn/ “proinnphi- 
callv fixed 

P. I4h, An, <J4, line 5, n/Ur “ plates " iinrf “ wliuh 
P. 14(1, All <)4. line I,', /.o “ was” < cai/ “were 

I4(', An <)4, line 14./'O “ yi\( n in " /(tii/^ol" 

P I4f., An. 94, line 15,/a, “of” ic,’,/' in” 

P. 146, Art, <1^, line 4. <///('/ ‘‘(ireu.ts ’ ///vr//“ or snh- 

circuiis ” 

P. 14 A line 2,fi'i “purdals” ; rai/“ pnrilas 
P. 147, Art. 07, line 5,/e; “at”/(c^/ “to”. 

1 '. 14S, An. 105, line 1. fi r " d In ” n (hi * 1 ra\(•>•■(• 

lines 

P. 14'^, Art. 105. line 5 ^ i-’i " “ is 

P 148, All. l<<5. linen, a//,7 “ apart ” /-•('//'‘and 
llie line.s should, if jio'-sihle, ho /i,o /.la to oive iiioic 
jioiiits lor tainneition to the tletral 'iirvey”. 

P. 14S, Art 105, I'r t line ft}' ‘detailed” rnul 
“ detail 

P. 147, Alt 108, last line./( r “( amp’’ / .v/J‘‘section ” 

P. 150, An II I, line 4, “(iiiuils” //;«^(7/‘‘or ' 

lra\erses” 

P. 150, Art 114. line 17, a/lcy ‘ recorded " in'i'rf head- 
inj^ for new para “ n4a ,\ ri’oKiioN m cat oV W ukk 

\MO\i; d'n \\ Hisvast 1 - \ l,\ OK.S ”. 

P 151, line 10, a/n’r “ohsciM’d" i/r/ri headin 1.7 for j 
now ])ara “ 114/'. Ji Not k PLot ks” 

P 151,.Art IIS hiie^. ii/irr “msiniment” o,/,/ ‘‘.and 
veinierA .alone leail tor snh-lia\'erM‘s Whole all 
tile verniers are to he roi ordod >1 is not snflu lent .it 
th('start to‘■('t \ofiiii r A to/iTo .and lo.i\o the i-llur ] 
verniers nmead llioii^li rt t onlcd ; it is inipirali\e i 
tint all the \i run is he re.id .it the lommeiuement ;is j 
well .as at the sueceediiii]^ <'hsiTVatnav- in the me.iMire | 
ment ol the angles ”, 

P 15.', An II'), line 5./'«7 ‘ I'Twaid " rr.^/ • hack 

P. n?, Art, 11'), line f', /< r " h.u k ” / <’a./ “ lovw.nd 

P. 15.’, .\rt. 1 line 9, A’c *’ voiir ’’ / ,',ui “ tlie 

P. i^.;, line , ajfi'}' ” only " a././ •• of tlv theodolito 

P. Is,^, line 28, /a; ‘‘hoard of” irrhl “hoard at ”, 

P. 153, line 3"^, f\>i ” \o ” / <a7(/ '* of 

P Is-j, a/Ver liiK'43, /ao’;/.i pew p.ai.i Miv- 

SUUHMKNTS n\FU P.aD fiuni nd I he mo of a lops^ 
well slietched rope or tape mav Im n-oried to with 
advantat^e, wlien a ‘-iihien-e li.ar is not availahle, for 
measiiiin^^ lines o^er r.iMno^ and rotkx around, 
provided alwav'. that it is immedi.ati’ly compared 
with an aei urate chain When ohan^in}.|^ wp or douii 
a slope for short dist.-mtev., n is n-ual to keep the 
measnrinp line hori/onla) by iivini» portions ol chains 
say, 40 links or .5 links.' If tlm -h-pp is lont^r ;,nd 
rC).;ular, angles ol ekw.uion <'r ilepression may be 


) 

t.aken h* enable the horl/ctnlnl distnnre to he eoni- 
pnted. Kednclion of liypoteniis.al to horizontal dis- 
tames ma\ hr* elleoted by 'I'ahle X of ihe ‘ ('alcu 
l.iting ! ahles * (31I1 edit ion'I ”. 

P. 1-4, .\it i.’4, line It, niter ‘‘miles ” arA/” W’hcri' 
villages are M.iltircd ihrm may he geographicallv 
coiincsted h\ i losed or nnclo-eil IraN'cr.ses with main 
(in lilts, or with any older iraxerM-s in the neighbour¬ 
hood 

Ik 154, in second hiolnole, niiJ “ .Another instrumc'nt, 
know'll as the ‘’I ael eomeleris nseil lor n similar 
pnrpo-e by h'ngineer .Siir\i-yors ('iigagcd on railw.ay 
j and route snr\o\s. It is constrm'ti'd nearly as the 
tlieoih litc. and is fltlcd With a diaphragm in the 
(Wi'-piet e pro\ ided with < leps. or webs, horizontally, 
hv moans o| \v!m h the roadings upon a st.'idium, or 
gradii.'iled NertH'al si.aft, are oht.'iined, and the 
ro(jnired distanie then delcTmliu-d by calciilnlion.” 
“'J he two hinciions emplou-d ;ire: 77 = 100 .V x 
sin. Jt 

sin. (J X I os, U — loo A. —■ , P =. loo S X ros,- 
/I fens. 'l 0 \ 

0 z: 100 S J - ^ J ; w'h(Ti“ .S represents lire 

sl.idia reading on the si,iff rr difference between 
higlur and lower roadmgs of outsiile wires, // the 
height aho\c ground .at the point which cuts tiu? 

(vmlt.il \\ch, and P the (iistam c. W’ith the ordinary 
tolcscope the (onsi.nnls to he adih’d to //and P, 
tnol\-. are P v sin. ami (' X rn^. () ; where 
(' =. loi.'il length of opijoi t glass -p clisi.anie of 
(enlr<‘ of ohj<-< I glass from the horizoiU.il axis of 
t.'K lieometer." 

P. \'-/rnlti'i linf' | i'nnrf .a new para. ‘‘ Rkcku-t^ 
i OR Si RVKY M \KKs As ^oon ns a Iraverse-surr’cyrr 
has eoinploied Ins Iravc'rsi* w’ork in a vill ige, he 
‘ hoiild peisim.ilK liaml o\er .-ill the pennant lit survey 
ni.aks put down ihonan to the cli.'ifge of the village 
he.nlmar, .and take a ret eipi from him whiih should 
he tovw.irdcd to tile Camp Officer ,\ftci'warils, 
when the j' plots aie rrrtdy in ilic cam]) ofTu e notices 
in diiphtate, containing ,7 copy (,f the X’ill.ige j)lot. 
•■honhl he preparctl am! senl to the ()llicar in charge 
oflhesiirvcx for scrvK c on the village lieatlmen eon- 
rerned One <.o[)\ < f the notice wttuld he retamial 
by the \illage Imadinan and the otln r, duly signed 
hv him, ri'tnimal to tlu' ollici' of issue ”. 

P. I5<s Art. 1^3, line 10, iif/cr ” minimi/eil ” m/J In 
tliC toiir-e o! siir\-e\’ rare should he taken that no 
damage is d'-ne to standing crops”. 

P. Art. 134, line 7. n/iiT “ principle ” iii'^ci I “to be 
followed 

P. 1-6. All. 134. line I’, njirr “llii.s” inseri “'The 
ph»lting' dionhl !>.• done as the surver' is proceeded 
with, dneel on the hoard, in pi-ncil. Pefore begin¬ 
ning the tlelail siii’mw' a ’k.ilc.a’ or rough plan on 
Ihillv paper shonhi he jnepaied with all the snr\ev 
^t.ilions duly -hown thereon, .and all tin' qiiadri- 
l.iieraO, teimed ‘ morahba ’. l.iid out by the surveyor 
will) the hmgihs ol ;ill tlii' slil^s measured atid the 
det.'irces .ilong the wirioiis lines crossed by field 
hoiimhirie' 1 he angh-s of the (jii.adnlaternls into 
wliuli the \ill.ige h;e l.)cen di\irk’d np, other than 
the tlieodolit<‘ ‘•talions, should he marked by a small 
hole dug in tlie ground encircled by a shallow drain 
( ut with about a loot radius, Sucli temporary marks 
are iisi’ful for the alter ‘ ])aila1sIn la\Ing out the 
quadrikatonil lines, deep lakes .and tanks should he 
avoided, if possil>le. II this cannot be done, a tope 
may soim‘times he carried round and strctrlied 
.across, of the disl.mcc m.av he obtained by laying olf 
4 ri'jlit angk's w'itli the optical square and the per¬ 
pendiculars or sides of the rectangle measured No 
in.an sliould he sent with a ihain into w'ater beyond 
I'is depth. F.xcept along the (juadrilateral lines, no 
measurements .ire recorded. On completion of the 
measurements along tl^e mam lines .aud after record¬ 
ing th'm on the ‘ kaka ’ or graphical record, the* 
miasured distances .ate to he plotted on the 16" 
skeletCiii maps to scale, small differences being pro- 
poitionaiely distributed, where required, on the 
afh'cted lines nf tlie traverre pli^t ”, 
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P. 15^', Art i,>4, //'('w/ line 13, make a new jiara with 
heading" 134a. 'I'jif. 'rKUNia i \ti<in Systfm 

** caiHp ” ;(•</(/ ‘‘stiiion”. 

P. 157, line i(’,yar “ camp ” nail/‘ seLlmn ", 

P. 157. An. 137, lino 3, a//c>'“scale ” / ;7 -(Jiiad-i- 

latcTrils slu)uld 1)0 spill up int‘j iiarruw loitanolos hy 
I LMinin^' subsidiary linos, called ’ shikmi' more 01 loss 
in th o general diroilioii dial thi' in hi bcund.ines I.ike 
and as iiiiiLh as [)(t‘sible aluiio or ncai tlioni. Ploiks 
i)t very small fields and Imnu sie.itls should be sin \ ey¬ 
ed on double scale and plaited in a s’pare \) irt of ihc 
slieel, as there would not be room loi mimhernn^ 
them in body oJ (he maj). Whoa* villaees con- 
tainmu;’ mostly small fi< his sla'uld be survexed and 
ploltcil on the 32-mcli scale Wlienever it i^ neeesv.iry 
to sh"w on till' map diyisiuns ilrit cl. ml exist t»n the 
v^Tuuiid, either in waste or in lake*, or in cullb ation, 
they should be dr.iwn m broken lines; temjii-r.irv 
or mdisliiut field Ijoiindaries, and impcrmanenl 
island I ultiva! ion, should be similarK sIvavh I'.xi-t- 
m^ pennantnl held and other distm^unhabh' houiul- 
arit's should he ilelinealed hs- linn lines. No holes 
should he du^ in the emb.mlvinents ol laihvaxs'r 
canals; red flay^s are nexer to be pi.mini on a 
railxvax lino; all ima^oiiiy pillais ruiir the line, lexc.- 
etossinos, etc, .are to be (.iretully fixed; the line 
xviili ils b.inks .md fences, i-> lu l e eonvention.dly 
in.ip[)ed 

P. 15/, Art, i3^i, line 2, “eompuund-” hiu'i! 

" homesteads 

P. 158, line 5, a//(T ‘‘siux'oys'’ iirif’/ “ 1 he C'li moii 
inar;^iiis of .sheets ol the s.inii’ xillai;e need not lie 
surveyed ;a ross I'.xteiismns tf cnlliv.ition outside 
of the vill.iLie limits should net be suivexedas foim- 
ing part (d the Xilla,;e under siiru-y 

P 158, Art. 141, line 4, “ its ” n .ul “ iheir ”. 

P. 158, An. J4], line ^,Jo/ " bed" 1 rnJ “ beds". 

P. 158, Art. 143, lim* 4, (Jli'y *’pencil " - i/i/ “(.'"iixen- 
tional .su;ns slioulil lie sjiaring y tmph-xial lo peimit 
ol luture (iet.iiis tjf (uUix.iliin. t li , *bt m ; m.ipped 
without imunvetiieiicc hot specimens til couvec.- 
lioiial signs, M',' M.ip \ 1 . 1 \' of the ‘ C.ilculaling 
'fables ’ 1 -jth edilionj 

J’. JVS Art. 144, line iw, ,///,; “line" i.M /7 “ Ihe 
total length ol llw iiuii'peiKleiil t« si 1 nes‘di<i ild not 
be less th.in ..,0 chains to cveiy jjo aeies 

lb 1^8, All. 144, lull Ih, /.'/ “when" ,i,//’*lMlhe 
latter c.ise 

P. 158, .^n. 14 I, hue JO,/c/ “ iiedil) " u'(III ■ liesh " 

P. 158, All. 144, line / 'it' I .-at " lluie .oe 

two distinct si'iirecs ol eiiors arisiii,g |i) Imuh t.oe- 
less Jilolling ol tju.uli ilatei.ds, ' iij liom c.irele-.s 
plotting ol tiehls ; the pail.dlei shi'uld du i nmin.ili 
belueen iheire two kinds ol ero)i m ilosm- w*'ik. 
'fhc liist is by l.ir ihe m"(e sciiou-. 

P. 150, line 3,y<o' “ on " ; ca,/ “ by 

P. I5«;, line [, (ijlir “latent " aJii Ail te L 01 p.iri.il 
lines should be recorded m tln’lield-b<H>ks, and pro¬ 
jected, liT CMS) comp.II isoii w itli the original siirxc), 
on tiacing cloth or [)nper. .All p.iitals sliouid be 
ruled m in broken bnes, in blma on the sheets". 

P. 150, Alt. 145, tijli i' line 4, ihid “ Surxex s slujukl be 
.11 ( mate, (therwise llicv are woi'-.e tli.m um-Icss, loi 
they are misle.idm..; A siirxex' li vvoith doing e. 
xvnrth doing well It is xvell lo impreS’. ihis prmcii)K- 
upon the stalf fhe best way to ii.ipiess I be principle 
IS to punish heavily lor any xvork vvhicli is obviouslx 
ludgc'cl Iwery one is lianle to make mistakes even 
il working honestlx ; and b.id work due to ludging 
slioiild be discriminated Irom that due t» mistakes ca 
even carelci.sness. for spec mien plot ol cada-.tra'. 
field-work, si'c Map i.XW'll uf the ‘Calculating 
fables ’ 51 h edition 1 

P. 15';, Art 147, line 3, /m' “so also’ -'ou/ Cis .ilso 
tlie signatures ". 

P. 159, Art. 14S, line 3, njti'r *' maps " a</d “ 1 ekgr.iph 
lines should be similarly shown and the positions of 
telegraph posts denoted on the sheets , 


P. 15';* An. i^r. Imc'“lexc-l" ///m ’/7 “ Stemt 
M.rl ch .lins are lo he [irelerrixl to thin ireii ones 

P I’ll;, iif/rr .\r!. 15 ', / .‘.>7 ,1 ne xv p (r:i. “152^ 
A'lirxor, Poixuxkifs. f 1 e i mmon boundaries of 
X'lllaecs should be examine) and p.i-.s'-d bx'the In¬ 
spector before dll' slu'il. .lie sc-nt m to the ('.imp 
(Mficc*; if t hev diiler tro'ii e.u li nilie'. I’le Inspector 
shoiiM li.ave the* poi tions .iffc* tisl r.-survi ye'd liy the 
sutvc\i rs xvht) did the original surveys 

P. IS'). Art r:,3.]inec; “oil-doth" ni'^rrt ‘‘inot 

xxMx-clofli) 

Ik 15'), Arl. I 5 ,, 111 I' f , / “stale* bre.id-ci limbs ” read 
' die crumbs of sl.de bre.icl " 

Ik 15'), .Art. 151, line 4, for ‘ a ’’ it\id “ the " 

P. 100, Art. 155. line u, .///m* “miles'' add f'or 
s)Hs imc*ns of fimdufl to" .and .1" shei*ts. see Maps 
LXXV and I,XXVI of llu* ‘ Calcnl.iting f.ables ’ 
(sill cditi' n) ’’ 

P. i"', \ii. 135, (/</(/the folldw ing p.aras : 

“ i-,6. 1 \M\(. x\i) Sii\i)iN(.. Indian ink, which is 
used for the printing.md inking ii]i of m.ij)s, sin uld be 
rubbed up flesh for ii c*. I'hc ink should be* pc*rfi*i tly 
black, nol brown, ;md llu: lines dr.ixvn on the sheets 
smooth, c'vcn. and iinbrokc'ii, aiul uol too line. laglit is 
supposed to come upon a m.i]) from tluj north-xx-est 
<' rner, and the ‘-haef w siik's 1 f 1 tanks i f rivers, l.anks, 
village's, etc. shoti'd hax'C :i daik line* lor the .sake of 
c'lfc'ct If) all such shading, die light is to be considered 
to kill at an angle' ol 15'' from the north-west ; that is, 
tlie <(/''' and side-j of any object in and 

c 'iiv.j.i niK .al>o\ c the siirl.K c of the* grc'iind, such as a 
house, .'ind Ihe ivr^t and '.u'lt’i sides ofanyol)]crt in 
(/'/’; (‘o/c;/ and eniisecjiiC'ntly below* the siirlacc c»f ihe 
gioimd, such .'IS .1 tank 01 .1 rixir, will be in sh.ade, 
whn h is shown h\ iiu' liru's on those sides lieing dr.'iwn 
thick, for conloiiiing, the rays of light aie .supposed 
to kill :■,*;upi n the ground, and tlie degree of 
shade for expressing lulls depends iipoti their slopes ; 
the mon* thcM* rc< ede from tin* hori/ontal, Ihe darker 
imisl lie the shade. 

157. MM’i'ixci. (hig. Soyk When the maps arc 
inked up .md nutiihered, the bound,iric's p.'isscd, the 
s» .'lie and bord' i line's dr.'iw’n, 'ind the printing done, 
di(‘\ h-'iild 111 * c'xaminc d fiu.illx by the Inspector, and 
the iKccssarx tomhing up done by a ecanpi’tcnt 
dr.iiightsman 'Ihe luimbi'iing of ihe items m .'i slieet 
sh'-iiM bc' comoiuiivc', from li'lt to 1 ighi, comtiU'ncing 
ih.’ iiortl'.-w* ( c im 1 .-ind ending at the soulh-eMsl. 
W here thc*r«* .ire more shec'Is than one ihi^ number.s 
should l'»llow the couise ot ihe arrow as illustrated in 
fig. y)]. llu* 'hading of rixcis, streams, tanks and 
luMisi". should be carefully done, lii'ld boundaries should 
be umlormK di.ivvii with a drawing pen only, the 
lettering and figuring should be 0} ibc* propi-r si/e, anil 
the* lr;m-,lit('r.ation rules '.hoiild be sfrufly obseivi’d. 
links, tlie original m,ip. .ue ot first-i l.i',', ipiality in all 
rc"’pi_'i I', the hihogi.iphed copies will in .all probability 
bc' c'tju illv dofoi tix’e with the origin.ils 


Town Surveys. 

1^8. I o\x \ .SiKXKYs ixi’LMM i). ihe sillVeV of 
'iiiportant t«)C'n., inclusive of Municipalities, r.'iilway 
towns .and others is now of some liecpif'nce, and the 
sx’stcin of op( rations max* ih'is he usefully drscribed 
briellv. Suix’eys .in* geni ralix done on tlic scale of 
04 inches to ihe link*, though .at times they arc executed 
on Ollier l.irgc sc.ilea sudi as 40 leet, 50 feel or loo feet 
to the ini li. 

159. Sysii m (»1' SlKVK^. In e.ah of the towns a 
main circuit '-houkl lu* run loimd the entire .area for 
siirxc)'. Minor drciMs should lie loiined inside the 
main circuit coi responding xvith the Ward divi.sions, 
.and Inside each ol those Ihe iisii.il siib-traverscs should 
b«* taken .dong roads or elscwliere, ;is found conx'enient, 
li r the detail survey lo tc 3 k'w. ('.are sliould betaken 
to fix s'ations on the berms of roads and not on fre¬ 
quented roads or palh.s, and there should be stations at 
all cross-roads; traverse lines should bc short and 
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i«j| ‘^poq- OMI)) 'Miiqr.v , qriiip u 1 o.) oq] jo sm;oui 
Af( (i.i] I >foad oq jtMioqs •u.'iitp n.i.mus .>qi jo suoq 
Is ul .iqi'q tiqw no s).qd iloioji'p .up jo| p.isii .tfpniO[i; 
(‘(iioq^ ^'} • »d ’ [ronqo.tv; ‘'iioai nqnom; .np jo A >r-iiiO)i; 
.iqi p q ol lunii) mi;m o'p iio (» .\ai-qo oq p[[ii)qs <-qiu 
-im/i; \a'iroqij.tA .i-ioui ao .tup -sodriis [iiji niiq u.oaijI 
0 ((oi i"U oar s.jjiqi;o| ao po q ),is ()iir s, uip|iiiq oi.iqAV 
ymi; ‘''[(d luoui 'aii ro n in quq \ .n.iqw X.iAiiis o|r)'-i 
-.tr.atq r in A ir-‘-o t.ni 1.0111 oir q tiqu biunid >;uisi'p pm; 
^mpri- }o ^■|nlnl)Jm■ rqiiw '.1 xjns [ii;i.)[) u| 1 o’pi vnad 
A*(ir) op r ()-. iMf q oq ppMup, s »,aovrai-qn- s-onmnsj 
■■Aloquj.t !o |-> in.iino III iLiimo.) oi[i oao),)(j p.tansse 
oiuili .tq luut.q^ qtiqw ]" noiiisod onq oip iiojiLqs 
.\.t.\ms ()(0 ur uioai ^tsioxi q >\.)u oqi 1 irp iq Ojqis^od 
o(( pinoqs |i ’TMX.) ((ip s t .aoAra] a.iuiioj jo s>prm (T’U 
-1^11.) .up .irupW oiqisu.d si; suoqi-p tsi.t\rji oquoj 
(i.isii m.)ql (It \mmi ^ r (uir dn (mq iid oq ()(imiis qm.u jn 
osino.) .11(1 m ipiu 4 >ni su -iii’is {i[o i[\: ’lardr sinrq i ? 

Iiinqr ir‘Xiqoil stuir] nmoin sr sno 1 imini sr siioiii;|s 
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cli-linc.itcd i»y nb.iinK of lilnc .iiul I't the ci In n.-il- 
ink l'!ir:5 Smiplt mmIos, ■^Ih' u m- Imk .m<l Irol -lifiiki 

l»c (Ir.iwn on llii' ni.ip ; the prnn.iry dni.ion- '\.-idd 
1 iiiih .iiid I -,i liuiio-, 1 ( [)N"ion! Ill'-’ 1,'"o I nk^ 
niul 1 ooo f('H (/ lo ( li.iin- o u li, (rtinli r’, ii'il Ic'ci .. 
losprrtivi'l\. A sj iviincn kiy-inip .ir-. .is M.ip 
l.XXl X in (he “ ( .lU ul 1! inL’ I.-iIiIl-s'* <.;iiit>n. 

i;*' I.riii(’'« I 111-iM.ip. nlirii nki'.l ui», nmnlu'icd 
.'ind llnislud -.lioiild In- Irlio^i.ip .od tiloik-. .ii ;lio 

101)00 .li'd .'irca ol ('in To'-ick nii il oi ii> n. .no nm o-,- \\\\ 

sin.'dior (kan in llio li( 1 owdod [: ii Is 'n ilio i or m| 

till' bin.'dlcr Mi'ik-^, j, or «\i'" | ; dj''iioni.* oiio' - .y 

1 )C priiVcd Ioo('ih('r on .i in 'lo -lioot o.o.vi’’- d" 
tinol s'li.il niiinlici o ’, (o oiinmni/' in Tno lo^i ol 
jniiilino .iiiil l.ilionr i’doi.k m dltoiinl w.inls or 
lu'.idnn i\'^ ( 1).lions, s'mnlil ml l.n jmiI on ti n '-.i n<' nnii. 

1 7''^ licwi.Ksi' I)\i\ All iMMrst' ( (.input. n iv>n . 
rnl itniL; lo m.iin .ind niiiioi i in ii Is .lud Id' i k .lUil •-’d)- 
fT.-ivcrsL's slionld Im propi i h t-tilLlmil to m thnr in buil.ild*' 
voliinn s .-ind uidn'.od 

FAsliory Surveys. 

1/1 I'l'iiiLio Sin\i.\s i.\i'I'1 \ 1'I) '1 1 ' .iii\o\ ol 
I'ldiorios IS now o'1( n nndort iknii, .ind .i sliui di iiip- 
lioii ol (lie nn.'lliod. will liion'nuo provn 'ji i \ i-t .il •! 
Sju ( i,d (-’’'.iliNlini i:‘n .'im '’i"(t.ill\ rn'pinndlor :ho 
dnin.'in alion .‘ind '•n.vn\’ ol li lu iit. .. I'l li iio-, ii h.is 
to Ilf' rniiK'inliorcd, .'iio lirn ' • i ni dl s.i.'.iins <»i 
l.dvi's, w ii li or w idioni d, I.'ikir n ani o, on i ■ iiidn • r 
in don f' liiph lino juM-'li .ii,d okilli I l.n 

woik nl doin.ita ,il ion .ind iimN inn, lint. l.n In .i\\ ir 
lipht '1 hn niinuiii' l.in.-Cs ol n.u h i .i->n would, ihnm'oi.'. 
li,i\n (o Ito ('irotnlly lonsidniid in l!io ti.nnino d 
('stnn.ilns, .ind no liaid-.'ind 1 i-l rn'ci.in .n laid oown 
of onn kind in llio in.'iMor, ka wacin iw li 1 no^ in.iy 
w ith diHiciiltv 1)0 inaiipnd in .i >.\\\ f'li pn. n d lo.ii IisIk i lo ^ 
of <1 Moiln'r kind nia\ (Msilv hn i oinjdoi ('d in ' lik"' tnno 
The n\tniU ol thn li'dini los, dm n.itiiTt .d ilmioinuis 
Im opnr.'itnd in, the distminf's lohnii t\ollod o\ 11, ,0 d 
ollinr like I n tors would all havo to |» > did\ Wiidiodin 
di.awinr;’up scIk ino', lor flnin.in aii-'ii .ind -iii\('\. 1 he 

luiinbni .ind pnnoial dn-irip'ioii <1 the lishi'iios li r 
SLirvf'y wi iild tlui'i li.ivi' to hn non-ad' iod in .any pro- 
po-.ds in ihn matter. 

175. Dummo 'lT1o\. Ihn d m.an.nioii wo.dd hi\(' 
to hn dnni' hv .1 "pni. i.il oilicoi anrl all liiint'-* duK 
in.'irknd hy po-ts well bulled in the yrouinl or hl.i/nd 
trnns. Riuoli dnm.aii-.ition 111.ips -dio'dd hn pioisand 
.'IS .1 t^uidn to the '-uivn^ors Iho-o s'l ii'd "i\,. iho 
namns ol the Inssno',, '■uh In^-oc"-. iho niimhor and 
a|ipro\iin;iln positions ol the p' s'*- ].ut floWii. n.iine- 
of the slrc.'ims .md lluir br.ini Ik • with suhdiv isions ol 
fishei K s, .md tlm niimhir, nattn • .uul .appioxiinatc 
pO'dt’on of fixed ohsiruntioii'-, .ind (In like. 1 ho 
Liisloin.'iry houndarii's, and n l .'irhiii.au oik’^, .it tlm 
tune of dnm.iic.'itn n should hn t.ikon in doin.ire.iliny 
the Ushniins ; the n m.'iy ho the liiyh or low w.iter lim.l-, 
or any natiii.il division:, L)L-m,ir(..al'on iiiu-)t iin.iu.d-ly 
be d me in .idv.’iruc of sinwny. 

i/h. .Si KViiV. .Sur\'e)s sho’ild hn i \. i iitod in tlio 
dry-wnather only, all luappino woi k hniny ,h>nn m the 

rams 'him .scale ol tho survey should hn i"Ui mthns to 
the mile, but where llinio is iiu,> a lic t.ul t" ho m.appnd 
and the fisheries .'ire intricate .and lull ol hianthes .'md 
subd.ivisiiaiis it may bf' .uhi'-al'ln to sin\oy on the h-mi h 
scale and rediae snuseipinnlly b\ p.mt.aor..j)li to the 
4-ini:li ; or, the maji may 1 e kept 011 the oiiyin.d -c.iln 
of the suivey witin'al rediulion. Ihn sf.iln (simph-) 
blunild bf' dr.'iwn on .1 sp.arn p.nt ol tlm ni.ii), in ihn 
custoni.aiv wa\ ; the pnm.iry <li\ision- o( dm 4-1111 h aiifl 
h-innh sn.ih's tf) represniit lorli.iins ((iimlni ') in linylli 
are^inih and 1 ineli, ri spnctin-h'. 1 Im h'jnnd.i'i'S 
of (iiltivalion. with the namns ol llu cultiv.'iors .md the 
divisions of their holdings, within iw o i h.ains din.nu n 
fiom the lishcry limits should ;iIso he s.aown 1 hn 
stations at winch the pii-,m.atic i omp.iss w.i-, put 
need not be marked in .un' pnnn.im nt niannci ; il 
desiied. Wooden pei^s m.iy bn 11 fl to dino'.i* thiaii 
temporal ily. .Sur\Ly-, should hn m.adn with the jir:,- 
malic compass .and eh.nn ((lunlm’.s), and the t.-pn- 
graphy should be truthfully delmc.ited, the widths of 


‘tio.iiii . shown, .md .all lisud oh a n a ho ns, limits ol hsh- 
( rins .md tlu 1 miIhIu .sii iis pi, .pi'i ly in n k('d on the 111.ip, 
.lilt! the n.amn3 oi dm li-.hiiiL's, wiih lluii I'l.milu'b h'f 
If n(.ni -.md « ♦ tlu' In-s' n. lu lod down. .\ll .myiiKir .uul 
Imn.ir mn.asiireii'Cntj 'lioiil'l 1 i* incoK'n 1 m .'i llnld-hook 
.0 d the pi 'h.iiy lioim on ^cition.d -.Imuts iltnr the d.iv’s 
w oik 1 , dcim llm-nnnv .l.ou'dhow I'u* liouiukines 
ol all '-iK' ims .md poo!- tlw' ii.tt iir.il hank', m tl n n.'isn 
of li-li.-ru s in w hu h t ki'si .ai w dl > loliiu'd .auluiothir 
1.1 fs till' h ' • ul !i n-i .1 - di'inai I .111 ( 1 . .Siir\ i_y r-> ‘-lioiild 
hn (.unlnl to 1 How' tlm lum ol ilom 11 ( .ihoii pin\ion-.ly 
I.lid <lnwn. \\ I'It they .ir<‘ in(]iirrd to show is the 
,11 o.i indii .it' ll h','tlinS'‘ linn .md not the .I'n.'i .uln.illy 
uiiiiti w.itnr .it ilin lnii-‘ ol siitwnv \ll pnim.mnni, 
n.iimdoi .irt ilk i.il oh|t'( Is w ithiii 1 111' Il iiikI.iiu'-. il ihn 
tisliriv or .idjoinmc; tli'in 'ho.'dd he sliown, hiil no 
• lit cm pi lu'ch bn iiMdr to ..irvnv i .1:1 iv *t loii or to 00 into 
o\i •• -sun di'i.iik ,\ sii till mill .111',1 ( ul -.idr tlm liouiul.ii'y 
of c.’ii 1) (1-lmi V -hould br Indian d-•'> .IS 111 diow iln.iriy 
iis jio-.lion i( l'ili\n to .ul|"iniiu;' li-lu‘i u s .tiul \ ill.'m,ns. 
Ill' ollicn w rk in lim ini'ss wtnld b.- linht, .md 
aoiil 1 I < nsi-,t ol III .jL i ndiiciii'-; tii ■ m ips, w la n 1 aquired, 
md then inkiiiq llmiii up aiul lin; liin_; tla 111 m nni.i'U. 

177, rr.si-iii\i\ .\ 'Jinn ili 1111. wfll In I'-d with 
till' stand.ir.l -limi li.ar , slioiihl I"- in the ji s.('s-.ion 'd 
r.idi liispni-l I .ml .SiiiNnyT h irimi conijcii isoii 
■lioiihi Im m.ido bdw nnii I b.iiii. 'll use im ‘-aivny woik 
.md the li'sl-' h.im .m 1 111'oi s j)o mpi 1\ o d died. 

I/.', \i\i* l‘ii\ii\i,, W linn the ni.i; . .iin ( ojii- 
jildod, wall ihi' inking la o| bou id iria -iii ' tlm v.inoii'i 
dni.tih, pimlino ol tlu* n.1111.". di.fWiiii.; ol llu’ s. iln-, 
in lynot I roilh jioinl, la-rdn' li-'', and llioliko, they 
k(,ulil bo 1,1 lioyi.iplm 1 . I'o! .1 ' jU'i I'linn o| .1 limslind 
d'f'('i, .. Maj* I XX.X ol ilio “ t .ill 111.limy Tables” 

( )tli edition) 

Grant Surveys 

I,'/ .Si i.\l.^ s i.M'i \i\i I), h'lnquoni ly spe¬ 

ll il ■ I.dh. Il i\to be nnyayc'l l-u the suivny ol lands 
a'ppliod j.'i- in yr.inl. In the pin|),ii.ition ol projms.ils 
bi p'.int ',ui\<'\'., lint 111. 'haiild 1)0 liiinislu'd of tlm 
1111111!" r "i I .I'jt s (0 I'l 'P'dlwitb I lie .'ijiproNim.itf'.irn.i 
lf>i u\oy .md'.'(‘imr.iily ,is to 1 hi'jilii.itloll ol the l.inds 
.ipjiliod I'-r .md wlu Ihor tlio na'.n, .no i ''niji.iel hlorks fir 
s'.ittcrod, anil whnllur or ii'l the airveys jirnst'iiL 
spm i.ii dillii nltms. 

i.S). I) I-si vKi \ 110 S’. Iho I’nmari .111'Ki ol l.uuls 
ajijiliod lor .IS LM.iiiis shouhl bn doii'' bnloinli.-md by the 
appla.iiit. W’o'dcn j'o'.is -.liould he inqunnd to be 
put ui) .11 all .'nv;ln'3 and bf'iuk. ol llie dcin.ifc.Ucd kind. 

iSi, 1 i,-'i-i It IS h.idi limpnclor and siiiwnyf'r 
'.hoiild bn |'ro\ idl’d with ,1 '.p.iro i h lin w hidi h.is hneii 
w.'ll to led w illi I hn sl.ind'ird sb' 1 bus. I'lu’ eli.aiii in 
ii'-n for survey work '.liould ba Iroquonlly nomjiared 
with tlm tn-.t-( h.iin .md .’my liofi'cib should bn .at tmic 
I f mnd.f'd 

iS_‘ '^irvkv. llu smv'v should lx'm nln by me.’ins 
of thf pi iiK'-t.iblo and t ham, on the sc.iln f)f ifi inches 
t" tlu mile, .and sli -uld hn jilolti'd dii i i L on t hn ho.ird on 
tho iisu.il soitioiial shioi. ii'.od t(,r ifi'A .ul.isir.d siiryeys, 
or, wlioro lequiin 1, In .1 iro'h cojiy ol dm jiuhlishcd 16" 
yillayo in iji '1 lu' mkiny up ol tlm jilfds, .iiul i^f'iu'r.’d 
rmi'-hoiy uj) is'-uh .f ijiu litly doiu'. Phn sjucial suivey 
nst.ahli diu’cnt 1'. 11 ui.illv omploynd lor (ho ojmr-se.'ison 
only; tlu re 1-. no work lor lliom in the rnress. The 
maj)i do n<'l rnquiic lo he juiiilnd 

I*. K)y\ii. .S. line .S, iiffry “ ohl. lined ’/usiV'/ “by 
the me' Imd ” 

1 * io;j, \ri I ', lino 's /"> “tho j^evnmie .Surv(?y of 
Indi.i ” /( tJ “ Rnvenun .Smvevs 
P I7 t. I'.i coi , liiu'12 lioin holtom, “ (Xi—X)” 
yca>l “ I Xf - \ M ' ” 

1 ' l ;'^. IS' < ol , line 11 iiom laMtoin. for ‘‘1 X—X) ” 
I rtid “ ; Xf —Xh 1 ” 

I* 1^2, ,\rl 11, linn 1, /a/' “ Its iisi* ” r/»/(/“ Use of the 
1)11111 py I.nvcl ' 

1 ’ iS’, .\ii. i linn 1, /')/ “Its dn-i( riplion ” read 
‘ Df'M iijition of the Duinjiy Level ” 

P. 1S3, Art. 15, line i,/or ‘ your” rctid “the”. 




;ind 
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I’ iS^'. Art J'), line in, /i)i' “ oljjcci In" n\id ‘ 
no use lor ” 

r i<;o, Art .|/, line for ‘‘ mlrnor y^ad " mlcrioi 
r. I'^o, Art. 4.’, line 3, ./or “ licavv " ’Cod " fiinibrous . 
P. I()I, line 1 l, /or “— frini^ent trad “ . 

1’, igl, e/7rr line iT. add “ I'.Mih.d.e : Required nio 
heluht I ( I'l of a staff station (C) above tin- theodolik- 
station (A): ^aven, the slopin,q distance iA( ' - 
4 ,.S 4 teel, lioiqht ol theodolite tAli) = lu’iohl ol M.dl 
(( D) ^ leet, and\eiliLal anqle (LAh. = DPh; — 
4- 4 3..; (clex.atit'n . 


D 



loo A(\ 4 Si 4 ... - 3-0S(> .)()4 

L sin (’Ah!, 4' 52 ... = hqjS 387 

Sum = Iol;. (. h! .. = e M .3 5S1 

. • ( h! 11 J (.5 left. 

1'. 1')^ .\tl. 7, line 1. a/qr •‘iMrib” pnf two aster¬ 
isk.;! 

P. ig;. All. 1;, line J, qs" “a plate" /lO./ “ .1 
plane 

P 194, An. i/./o; /t0(/ “478." 

P. .it boltdin. / o / / <1 lliail tootnotc'- ‘‘ 1 he 
ol the e.irih, qts kU t it .ill\ considered, b.is relereiue 
to the ote.-in li\(b tlin’eo.nilinq continent^, .iiul is 
api'Toxiiii.iieh .III elhp-did <it wliuh the pol.ir 
di.imetcris 7 Sgc) (Miiiles and the etpi.ilonal diameter 
7,9.40(1 mile- 

P. 194, .\ft. .’J, 1,1st line, 0//11'“ retelled " / /.<'/7 " (viT 

h'lg. (4791 ". 

P, 19(1. \rt. vt’ bne to /, ' .1 toinm.i .///c; 

‘ altitude 

P. 19/, An. 44, line o, -ipa//;',/ “ nu.ridian " /-.'ai. t\\t» 

asterisks ('*^). 

P. 197, at bottom, / ,0//a hull lo..inoti 1 “• • • 1 he'-ide- 
n.'.il noon, thus, is the nionit nl at whu Ii the \ eriuil 
ecjiiinov lfo-m’s the meridian ol the plate ” 

P. 199. linen. Iroin boliom. <ijlci *'47=;'' odd " 1 nud 
v/i//s'are llio-e si.irs whuh are Msible to the n.iketl 
(\e to disliiii^msh llitm lioiii h’.r'iOtdi d,ti< whit h 
can l>e seen only by llv .lul o| the ltle<ope 1 he 
lime between two inmo-, .md sellmq, .,1 the s.idu- 
star Is .. Ji. 5(1111. 4 5 111 llie ttaiisr (p 1 .1 u.ir while 

the sun lists 5(15 lime-., ,i -t.ir lees times A 
"itlere.il d.i\ is the in;er\al between two suiLes-ut' 
jia'-s.ice'^ ol a -a.ir over tlie nuiiib.in. and is qn. 
le-s ih.in llie sdl.ii d.'u. .\ -ulen'.d tlotklliu-q.nn- 

4111. Cl s. d.Ills dll a me. Ill time « h-i k, and > hdw . the 
‘.ime lime .it ibe -.ime [id-iiidu dt dm -i.irs .ill the 
Near rdumb Ibe < duMell.ition dt Ane- m.irketl the 

lirsi sil;ii I'l ilu' /ddi.H j.ood M'.iis .i^d, and llm 
equino\ then w.is jml below u .Nrieli-." 

1*. 199, lot>tnote, line, t liom Is Itom, .liter prc.wious 
.iddition, a./,/ 1 he * .e.l rtinomical unit’ ii the me. in 

distance lutwoen the e.irlh ,ind the snn, or 
9^.885,1100 miles. ,inil i. iibid lor ,il| sideieal 

me.'isuri'meiit.s, hi r iiie.e uuments ol the uin, iiW'on 
and pl.meis, unit is the e.uMn rai ms ol the i :iitli 
nr 3 . 95 ii' 7!4 n ih's. 4 he p.'ir ll.i\ dt .1 bl.ir the 
.'in^jle buliieiult'd .cl the sl.ii Ijn the radni. ol the 
e.iitliks ‘orbit round llit* sun. and ih.tt ol ilm sun, 
moon anti pl.melb is llu'ai qle sul.tended .at the smi! 
(tc.. by the M.ini-iiian I ici ol ilu' e.arlh. A cilckr.) 
objcit wiiii a p.ii.illax ol 1' oi an: is .it a distance 
truin the eailli ol ,:d(),.'(i iimcsthenmt of measure; 
hence, to ohl.im the distance oi a n le--tial cdijeet 
multiply the ltut.liun 1" di\ulid by the isirabax m 
bccomls into 2t4p,2(\;, into the unit. 1 lius, requin d 
llic distance ironi ilie earth ol 9, a star and 


1 


• iii a planet whose p.irall.ix is ii o’45" 

■iii icR/'. .Star — 2 o(),j 65 X q:,885,000 

— '^i.o wd 4u,s0t'000 mile-t. Planet := V X 

-“(•,.’65 X 4 , 94 S’ 7‘4 = 5=,9p-^8.ii 3 miles. Py the 
term * inainiiUide ’ is meant the ratio between the 
liqhl ol any sl.ar .md that of .mother e\.actly one 
inaqnitnde lainter. I his \.ilue is 2'5ij (ol whieh 
the loq. is o 41. d’hiN, a star <>1 llu' jst m;i|t(nitu(le 
is times the hriohlncss ol a star of the 2nd 

ina.qniiiide ; -a st.ir ol thc.^ .md times bnohter 

th.in one ol the 40!, .md so on. I his m.'ikei .1 '.tar 
ol the isl maonilude jnst im* limes brighter than 
c ue <»f the ()lh. The ‘ i.idi.m.’ or ‘ .mqular unit,’ is 
ihean^Ieal the centre ot a eiicle siihtendc'd by an 
.irc equ.il in Icnqlli to the radiii 


joi. Iir-I ioolnote. line 5 Iroiii Ixdtom, nf/rr 
“In >r \V." odd “ 1 bc' inner qroiip of the m.ijor 
pl.meis coii-ists of Mcreiii'N, \'emis. the Iq'irih 
.md M.irs, and the outer qroup ol jiiiuter. S/iinrn, 
Uranus and Nepiiino; iht' .i-ioroicls. dr mmor 
pl.meis, are siin.ilc'd betwien ilu* proups. A 
'-iipeiior pl.uu-t w'lu'ii in op])(»Miion rises at sunset 
and sets at sunn-e ; an mlerii r pi.met cmh iiunct 
bc' lu dppd'ilion When the c'h'ii.^al mu of an 
mlerioi jil.mel ise.i-t Iroin the sim it is sec'u m the 
wcslirii kv .iilcT suii-c.'l ; wheiiwe-t it is sec-ii m the 
e.iMciii -lv\ bclore sunii'.o. Mviauiw or X'ciius 
cannot thus bc.‘Msililc' in the- e.isi m the e\i'ninq, or 
in the NNC’sl 111 tin- iiidrninp. 1 lie '-Niioclic re\olnlion 
ol .'111 inlerior pi.met 1- it- riNolmldn Irdiii oin' intcri<»r 
t ((iijuiu lion to another. When .Mciaiiry is .q us 
ori'.ile-l t lon'j.iiKui ‘dl the Mm, 11 ‘'-A about l <■ 

o o , t ,1 t 

to U bouis ilu' -un ; U is Ix.-.t plac c'd for 

observation when .it 11-. e.astcni or western eloiip.itions 

^horilv be tore simsu'i. di alic.r sunri-e. re.sjieclively. 

\'enie i. al it^ prc.ilc't briphlncss about lialf-way 

belw een inlcTior t latjiiiic lion and preatcsi elonpqition ; 

It iIkII about 2 hours the sun, it <>1 it, 

Id-S tiilnr ,t 

I lie n,line's a-si.qnc'd to \’emis b\ the .mcients were 

lle-iuriis when .m c\cninp- btar. and Phosphorus 

when a luonimp st.ir " 


P. 201. Ill-'I to«ilii<ile, ict/i/ the tollowmp clause: “ I ho 
e\i'ien«c ol .1 new m.ijor planet, Mlii.-ited beyond 
Neptune*, h.is been amiouiiic'd on [he authority ol 
phoidor qdiic oNicleine b\' ProlesHir Pickei’inp. It 
the rc'sulls obtained al ll.irv.ird are conKrnied, 
Prole-^or Pukc rinq's disi (>\ery will be rep.irdcd as 
.1 iiieiiior.ible .Hbic'vi meni tor lhc }e.ir 1909.'’ 

P. 202, line 8, itjhi “ moon ” 2 asterisks 1. 


P. 202, to(»inoic's, ime 2 lrc)m bottom, yar “mutation’’ 
; I ad “ nut.It 1' m ’’ 


P. 202. line' 9, troiii bottom, .///cc “ ilimter’s moon ” 

rid,/ “ h’or tbe‘"".---" bemispberc' the har\Csl moon 
'•'iiitlurii * 

and ibc Imiitor's mi»on 011 ur w'hen the moon is tull 
ncarc'sl to ^ / «mlmim.il ecpiinoN, 

whc'ii tbe\ rcsqx'c li\elv precede' or lollow that date*. 

are c ire Ics ol lipht r"iincl the moon or sun, ;md 
are jirodiu c'd by llu’ relr.ic-lioii of lipbt Iroin clouds 
ot ice sp:t_uies at prc'il clev.ilioiis. '1 he Common 
heliLl lli.'it h.ilos round the moon propimsticate wet 
wi'.ither Is repardecl as ,1 lallacv by .'-cic'ntists; it is 
unlikely lli.il tlic'rec.m bc anv connection between 
them .111(1 llie ’weather’, c onsiderinp that the latter 
is usu.illy at .1 conqiar.it IN civ hwv eiev.ilion (iierhaps 
a lew mile . .1-.ip.iinst the moon's distance ot some 
24o.odo mile-}, and tlieretore (piite independent ot 
the clouds ol cr\sials ; it is also certain that fine 
weather tollows h.ilos cpiite as often .is foul. At 
liuK"', however, the conuidence of rain Nvith the 
.ippje.irance (»f habi-, maN be remarkable, and would 
lend to -iqipori tlie ibeorv in que'dion. It h.as also 
been asserted that .111 amount oi r:tin may be subject 
to .1 shpht N.iriatioii depcuclinp oii the a.qe of the 
mooin lUu there is no rc'.ison to suppose that such 
c'li.mpe^ .irise troiii am other t.iuse than.’ llie acci¬ 
dental Mcissiludes tci wliich the weather is al all 
lime-, subjcet. 1 here is perhaps some authority for 
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the Opinion ihnt llie ravs o| thn full in.-on rl.'ar awav 
cloiuls, hut oven tins is impr..h;ihU\ sin.v ilir rcllivu’d 
li(‘at from the moon is inhiuic'-ui .i! ” 

1 *. 202, foC'tnoto. at holtoin, ,nli '* ■ I ).tr\vin’s tlionry 
of ti.Jal ovolnti.in, as rrlatin^Mo llm moon, was that 
llie moon was (irii,MM.ilIy part of ri somi-soli.l, nr 
\ iscoiis earth : liy ilio tidal pull of iho sun it Ixsame 
sejiaratecl Ir-.ni tli.- oarih, and in aoos loutr p.^^i 
ro\olvL*d clusL* to il^- surfa. o. 1 idal art ion lutwctn 
lliese two bodies eaiised the moon to nio\e oraduallv 
further away, Accordim^ to tin* fhcorv. ibe earth- 
mo. n was a s(':rii-ii(iiiitl, \ is.:ous body, beenmino 
extremely llatteiual at the p.iles thron-h its lapid 
rolation, asstimini^ suece.ssiva ly perhaps \ariou-, 
eloni^.aled o\al lorm- ti’' the . n. u!ai or olob<-lik.' 
shape was rea(.hod D.iiwiii has --hown that ihi, 
coiirs." ol evolnti n is po>-sibh' aeeoidino to flie I.iws 
of mathematical physi.-s, and that it is still pioh.ibly 
.m ini^ < ti~th(‘ ultimate stai’e bcitij; that the (‘arih 
€and moon w'id ke.'p the same fones to each ('tin r. 
and the uionllt and day he the sam.' l.n-th. lUit 
the notion tli;i' we lan ]'oinl ( ut th(' sj'ot on the 
earth where the moon um'- i. rn > ut is pure spec illa¬ 
tion d he ovo'ution ( I the moon lif Darwin’s theory 
is correct) took pi a. v when the e.arlh w.is ma totally 
dideri'iit i Ol dition troin what it is ;it piesent It must 
have* heen a scmi'lhiul ina-,s, .'ind pvohahly iheie 
was no distinilioii lalwoen land and wMtc'r ; so it 
would he idle to speculate as to which ..lean, wlnlher 
the South p.icilic, ^"Uth atlanlic ot the arahi.in s. a. 
was the moon’s place ol ori^-in." 

r. line j,, trom liolioni. a/'h r •• I'l.iriial " 

two asterisk^ i ‘ . 

Ih 20 ', at holtoin, a./i/ a loiiilh looinoie: ‘‘In rru/i.h' 
ei'lljises ot till' sun. il the app.iri'iil M/e ot the moon 
exeeeds that ol the Min. lit.' e.lijise is said l.» he 
fi'/a! : hilt il the Min is the lanyr. the h'lller isialhd 

III! niihii 

b Jo's line I?. /iT somiii'lon “A M " f'lif 

( omm.i 

P. *>IV, An. (.<_), line h't “ <;o‘’’” / .a,/“ S/’ 

b. 2 .’o. Iiiie 4 . /a/ •' I di. s 5 m jiss. ” n\ui • I ^li. s 4 m. 

35 '’ ’• 

b. j;o, hue s. /'S " ib 55111. '^m" t i\id ‘'ill. 54m. 

35 ‘’- ”• 

b. liiii* .'2. fo! ' ih. :,::^m. ^5s ” read " ih. c;4m. 

35 ''- • 

P. 220, first footnote, line 2, /h/ ’• - " / •• — ” 

P. 225. line 12—i ;, 1st ( ol., /ia ‘‘ L " ; ra,/ “ j. ”. 

P.225, line i( 17. in(ol,/h/ “ 1; ” / 

P. 225. line I), .///, r •• bolaris ” " \\ 

P. 225, lower lorni. ( ol 11, dr.iw he.'id “ ^ *’ op top f»f 

meridian line. 

b. 230, line IIroin bottom, lol. (s /a; .rlijti” 
read •*--I (if4(i ”, 

P. .’54. last line, /a/ “ ediicl ” ; cad " deduct 

P 241, first footnote, add llie lollowino^ rl.iuse ; “'Ihe 
latitude of . I pi. K e. within . I bi-lt of lo'' to 50° north of 
the eqii.'ilor, may also be lound. with fair ata iir.iry, 
bywaitini^al niobt till the iwo stars, Sinus laCanis, 


Majoris; R A. =: th. 41111.. Div. = ltd -^5' .‘s.'l and 
{'a'U'hns (u Nri^us ; K \. f b. 22m., D<’C. =r 52" 
v)' S.are m the s.-iint' \erli(.il pi.ini' \l that 
instant I'a.'ain i m l’r'.;j. Mmoris; R A. = ih. 2(im , 
I )ei. = SS^ 41)' N.' is.it Its pri.Mtest elono;ii ion, \\' 
;ind Its alliliuh’. / . the anal*'"I elev.ition, referred 

to the hori/on. oleerxed tlu-n with a tr.in-il iheo- 
ilolite will yi\e the .ijipro\im.ite l.'itiliule o| tlu' pi.ice. 
1 he phenomnion o< i-iirs .u .ihoiit 7 ji m op i]w jglh 
Marih. .It ,iI)oiit h p m on the I 4 tli M.ircli. .md at 
.'iboiit .) pm on tlu- -’7th I'.hrii.'ii \’. ,ippro\imati'l V. 
the iiistriimcnl would haxeioh.'in .iiljin-tm.'iil for 
the piirpo'i- oj the oh-i t \ .'ll lop. .iiid tiu' two stars 
w oiihl r. .piire to he truly >■11 the e.-iilral \erlii;d wire 
o| ihf diaplirai'in ot ilu' teh'st .ipi-when mo\otl in ;i 
ar.-al ( 111 la \. rlK .ilK' lhr->iiah the south, rn -e. luni ol 
the an .\ Minil.ir r.siill m.i\' ho obi.lined, for .1 
reoKui ol lo to fo north .'t I he e.ju.itor, when t!i(‘ 
two Mar-., /’a'.on a Tr-.e Minoris; R.\. :r ih. 
jf.m . I >e( . =3 S.S 4>) \ I .ind A’/('/’ u Drs.'i* 
M.ij.-ris: K .\. _ 1 2I1 5"ni.. Dei. =: sfb 27' N.) 

an- in tin- Mimr h.'rl/oni,ii pi.me. ic. wlum they 
h.i\e a like allitud.- as relerre.l to the hori/op, .it 
the time th.il both .ire at iheir re*-ju'. 11\elona.i- 
lions. F. ir \V . .Ml op)'o-i!e '-id.-. .4 tie lale-li.d 
pole. I hi' I an he ;isi ert.iined by swinoma tlu' 

lelas. opr o| tha tlu'odohla. wltrii in .idiiiMmenI, 
Iroin side to sula m .i/iinulh till both thi’sl.irs .ire 
ex.iilly.iii the lioroont.il wire of tin- (li.'iphra|»m of 
the teloM'ope. '1 In' pheiiomen.i l.ike ]ila.'e. appro\i 
matrix, at / p.m .iboiit tlie 2pih M.'inh. .1! S p.m, 
about iIh' i4tli Man I1, and .it <; pm, .iboiit the 27111 
behniai v. xxilli l\dans and J'/a/;'; ;it their respee- 
li\(^ western .ind (Msiern el.niij.ii lops. and.it 7 ]).m. 
.'ilioiif tli(’2.Sih .Sept, mix r, .it Spm, :ihoiit tbei-'yh 

.Scjxicinhei. .ind at .) pm ... the jSth Anj.,iist, 

with r<>\'iis ,'md .h'/a/-’/.'ll tliair r(*-,ji('(’tixe e.istern 
,ind western elona.it ioiis b»oth the processes 
releir.'ii to tor findma the .qiproMin.'ile laliliide are 
somexxlial tedious, .md the opcr.ilmns m.iy o('( up\' 
.1 ( omider.ihle ji.'irt o| .m exennu.',” 

b. 243. line I '. fn “ o - ('57 ” / cad “ irq ", 

I\ 241). ‘ ei ond l.iotnote, line 5. afL r “ enl.iryecl ’’ inset f 
•• I be Roy.il ()bs( I xMtory ol (irei'invuli xx.is lotinded 
m A I) I '75 *' 

b. 25), line* 5. Iroin liottoin, afiet “limb” iu'-etl 
“ ;ind '■ 

b. ’(.3, line h /ac ’• [va- ” 1 e,ii/ “ jiosi- 

P. 2(13, iootnoie, last line, udii " 1 he imti.'ition of (hi* 
/one I line .Sysi. m, wlmli xxms a.lojiied lor me tor 
the lirsi imu' on the Iv.iilwax’s ot ,\nieii(.i in kS.S^, 
W.IS diu' to .Mr. \V. b' Allen” . 

P, 2( 5. ,7//a, line 52 ///s,7 / 111 I'oh I '• M;i\-m\.., Ph.'ilan 

II. S ’. 

b. 2- 5, iif'fei line 52 n/serf 111 . ol. 2 “ M.md.il.iv 1 li) 

P. 2f'5, af/et line 52 iuseid in col. 3 “ 22' op nd' N.“, 

b. 215, u/fer lina 52 inset f in . ol 4 “ .)h ’ 2')' 24' b'.”. 

P. 2fi5. alter line 52 inset I m col. 5 " f.h. 25m. 58s. F..” 

P. 2( 5, after hiu' 52 iii'^i'/f in col. (> “ 3,7s.) ”, 

1‘. 265, footnote, line t-l, /nr “ e'-" 35 ' 3(1" 's ” read 
” 3 ^' ’ 

P..’t'5, lootnoi(’, line i.S, /hr “80'’ r p 34'3*''’’ 

” 8..’^ 14' 5r3'>" "• 


(ii) Illustrations. 


P. ii, Reforenre Table, column 3, line 4'’. /hr ”277” 
r(W“ 377 '’ 

P. ii, Reference Table, col. 6, lino 43 >./i''' " X, 24 ’’ 

“X, 23. 24 *’ 

1 *. ii, Reference Table, col 8, line 40, after ‘*XI, il ” 

adJ"\U,iS7\ 

P. ii. Reference Table, col. 6, line 54, delete “ 68 ”. 


P. ii, Reference Table, col. 6, line 58^ fj//rrVII 1 ” 
in 'crt “68”, 

P- 3^* Pi.t?’ 48'h l>ehw ‘‘ * ” insert “ s 

P. .86, Fig. 508, far “ 16 3= I Milo” read \(d = i 
Mile ”. 


P. 37, Fig. ^\(\far “ AnUimnal ” read “ Autumnal 
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erv ( h’lsh 1 .\ 111, J74 ... Km ” 

P. xiii, aftir line o Irom bottom, i,isrif “.Surveys. 1 
Fishcr\ Xlll, 174—1;8 itio. Surveys Gr.mt 1 
Xlll, i;o— lS.t ... lOo. Surveys I own Xlll, 158 | 
—173... lOo”. 

P. xi\, a//(/'line 14, ii/si'it “ 1 e^t-( h.im (Fish 1 Xlll, j 
17 /..'. I 0 (-” I 


P line 14,///MOTest-ch.iin (Grant) Xlll, 

181 ... It o ”, 

P \iv, line 2., fo) “manner ol observing” f ead 
“ Traversing 

P. XU, line 24, far “ Lilt me ’’ read “ Placinj^ ” 

P xiv, after line 47, insiri “ Town Surve\s i Theod.) 
XIII, 158—173 ... Ibo ” 

P.x'iv, afte/ line 4;, insert “'Town surve\s cxpl.iined 
I Town I Xlll. 158 ... irio ” 

P XIV, ufiir line 62, tnseit “'Tr.ivera* survevors 
Apportionment ol wtuk among 1’Tra\.) Xlll. 114^ 
... 150”. 

P xiv, after line 31 from bottom, insnt ‘ 'Ir.iverse 
data ('Town) Xlll, 173 ... Itn* ” 

P xiv, e line 2 ^ trom bottom, “'Traverse to 

pietede detail survey t'Tovvn) Xlll, l(»7 ... ibo” 

P. xiv, after line 4 lr(»m bottom, iyise/t “ 1 riangulation 
system 'The it adl 1 .Xlll, 134a •• l.Sa 

P XIV, line 4 trom bottom, far ‘‘(Cadi.)” tead 
“ Irav.) ” 

P. \v, hn(‘ 19 from bottom, fa “iC.idl 1” ifud 
“ Trav.) 

P. XV, lifter line 19 trom liottom, niseit “ V’lII.ige 
boundaries iCadl.) Xlll, is^a ... 159” 




ERRATA ET CORRIGENDA 


(i) Text. 


P.3, Art. 41, lino 4, / ' oo-ec.int " “its co- ■ 

soo.inL ”. 

P. 5, Art. 7-', line i. for ' It in " /. (/./ “ In ”. 

P. 8, Art. 107, line i, pr ' skU' ” r.\tJ “siLle. | 

P. 9, Art 119, line ^,pr “ coni.un " nad “ Lont.iins ”. | 
P. 20, Art. 8, line r,/i'r “ B rrnd “ G 
P. 54 , Art. 47, line 34, /or “duns " r<ihl “ elKiins'*. 

P. ('9, Art. 57, line 3,/^/' “ > <’ ” read “.?tv 
P. 80, Art. 7, line 18. a/:rr “ lenj^th ” in'^rrt \ 
" t^.issLiineci) ' 

P. 84, Art. 19, line i./J)- “ 422 ” rc hi “ 122 
[\ 87, Art 3^1, line $,for “ h'lgs/’ n ,jd “ 

P. i()4, 3r(l lootiidLe, line-1 i niul for “ direcEtian 
n fl(/“ ilir<'(-tion ". 

P. 117, Alt. 19, line l, f y “ 29" lord “ 19 ”. 

1’. 129, 2nd loolii'tLe, line 3, / / “In ” rcdd h, . 

P. 131, Art. 74, line 13, (i/tor “ ri 5 | 27 ^ ” insert " ■ 

P, 133, jiar.'i. 7O, liiK' 4, luluinn S, /or “ Values ” 10 ad 1 
“ Value 

P. 139, All.82, line iiPor'' Article 'read" i\rLiclcs . 

P. 141, Art. 84, line II Jer “ 18 3^ 42 38 ” ^'.^d“l8T 
3^m. 4,-38'.”. 1 

P. 141, footnote, line 22,^<0' “ t unit ” rrtiii “ Count . , 
P. i4t', Art. 94, line i,/or “448 ” raid “ 488 ; 

P. T^O, Art. 13E Ime I,/o/'Pilcd'surveytirs ” Aar/ 

“ Eicld-siirve)orb ” 

P. 156, 2nd footnote, line 5,/e/' “ 15' 01 4 '’’ lal.” ' 

read “ 1 ;^', I' or 4 latitiidi' ”• 

P. 157, ,\rt. 137, line 0, pr “ do ” read “ dot ”. 

P, 1O3, footnote, line II; ye/' “eastings” ;'rar/“east- 
ings”. 

P. 163, footnote, line 15,70/' “ 2\dopted ” nad 

“ Adapted 

P. 1O7, line 19. for “ Ail. 13 ” read “ Art. 14.” 

P. 1C9,2\rt. 17, line 9, for “ .\b‘ " read Ah' 

P. 177, 2\rt. 22, line 40, lell column, far “ 1-938792 ” 

1 cut/“ 1 '938792 ”. 

V. 177, Art. 22, line 41, lett column, pr “ 1-311776” 
read “ I'S 11776 • ! 

P. 177, Art 22, line 43 , It-dt column, pr “ 3 2i'2" *’ | 
/'e',/«/“ 3' 23-2 ' 

P. 177, Art. 22, line 43. right c-lumn, /‘ur 3' 21-2" ” 

AUt/ “ 3'‘ 3 ’-^' ”• i 

P. 196, para. 38, line 4, /i i' ” 1 *. ” >'ead “ O' 

P. 196, para. 39 , horn read “and . 


P. lo<), 4tli toolnote, line 14, for “ Vega ” read “ .Sida- 
pliat ”. 

P. 20(1, line 13, far semicolon alter “ r.M. ’’ f ui 
comma 

1 \ 20ti, line 41. far “<) 47 ” read “ 9-47 
P. 206. lig. l, fir “ !'■ ” reaf " Ki 
P. 2.,7, line \i,pr “91 ’ ’^2' 13" ” read “91 ' 31' 13"". 
P. 208, line Jar the l^t “ owing ” read “ due”. 

P 212, line 32, far “ Suler.d ” n a I “ .Sitlereal ”. 

P. 232, line Vl.jor “8,928 353” r>ad “ 8-928 553”. 

P. 239, Ex.ample 3, line 23. /e/' “ r ” f/ft “ 7 ”. 

P. 240, .’tid lootiiote, line I, /hr “ iiieietli.m ” read 
“ meritlian 

P. 248. line .p', far “ i i)t. i ^ " n ad “ t ,>t. t; 

P. 230, 2nd lootnole, line 1, after “ W ill ” t losi* the 
lir.aket 

P 230, Pi.ttnoU'. / '/' ‘ Atlo|)ted ” read “ Adapted ”. 

P. 2(>», 3rd looinok', line 3../'';''- 'sigm.i i ” ri ad “ 

kigma I ”. 

P 201), ird lootnole, line 3, in--erl a comma after 
“ll'lii) 

P. 2(10, 4lh loolnoto, line 7, i/tserf “the” before 
" luMvens ”. 

P. 2(9, right Li*l. line ^^-Joe " Ihsccs ” lead " Piscis”. 

P. 2 f 9 , right Col,, lint' 1/, pr “ Sciilptoris ” read 
“ ,St.ilptoiis 

P 2()i, left col, line 42,/ /' ‘‘ Ihsces ” read “ Piscis 
P. .64, line 43, column 5, /er “ 5 o') 41E.” read 
“5 5> - ‘hd’. 

P. 263, isl lootnole line if. for-' i,()l()” trad" 1910”. 
P 263, 2nd lootnole, line i, f>y “ dednctiul ” read 
“ deduced ”. 

P. 2(i(', i 111. 3, line 111, for ' 2^ 00' 37''” read “ 

().)' 37"”. 

P. 266, looliiote, line 2, /lO' -'05 ” nad “ 5 ”• 

P, 2(»7, line 40, far “ .it the ” re<id " .it th.it 
P. 267, line 7, reniaoe comma after “ .isMimcd 
P, 27c), line 4 , for “ d.ite the ” read “ the d.ite 
P. 270, line lEyh/' “or whuh ” read “on winch 
P, 271), line 51,y-'/' “ mumher- ” read " numbers 
P. 272, line 6, inscit “ the ” he fare “ Kight ”, 

P. 273, line \), for “ (]' ” t cad “q,”- 
P. 273, line 39.yhr “ of the ” read “ of an 


(ii) Illustrations. 


1> 5, iMg. 172, lo''>'f ■‘•'‘Wivi-.ii'n, /-r “ lo ” 

r. 33. Fig.'48), K.A. 'V;4;’.':' 

“SEUl'KNS” ) i'(/.t“SKi'l I'.N . 

1’. 35,1‘Cs 481. ri<4la-li.i''ct If'p i.t)rn«T, instrt “ 48') ", 
tiic number of the figure. 

;,ion.il Unc beucen tl'c conblcllations j-COKON A 
BOREALIS” and “ SERPEN 1 AixIUS . 


33, Pig'. 48;, from H .V 14'* 55”’-* 3"^ N, to R.A. 

14" 5.5'”-* 3' S , draiv ti dotted divisional line 

between the coiistell.itiuns “ SIG\PitN I'ARIUS ” 
and “VIRGO”. 


P. 


33. I'ig^ 188, P 

SCI'LPTORIS” 


A. 4 -' 

reaii ‘ 


P. 36, iMg. 500, for “ dem ’ 


.SCALPTORIS 
read “ dem 


Dec 38* S., for 


It is particularly requested that notice o! any errors dU.ovcred la the tar^e eJlIlon (3rd) o( Ihe •• Aid lo 
Land Surveying" may be promptly cent lo the Author. 



AID TO LAND.SURVEYING. 


CIlAri'KR I. 

Practical Geometry. 

I'lRSr PRINClI’LliS. 

I. — Geometry is llu* x'icnee* that treats of tlic properties of 

niagnitucU* in geniTal. It is distinifiiishod into theoretical and practical. The 
siibjei ts v/hich it ronAidta's ar(‘ extcait of distance*, (‘xtent of surface*, and extent of 
capaeaty or solid e'ontent. It is the loandatie)n e)l Mensuratie)n, Surveying, and 
other prae^ical branches of xMatheinatics. 


DKFIXITIOXS. 

2. Sian^RKieil'S (higs. i- 2). A Superficies, or siir'acc, has length and 
breadth, but no thie:kness. It may !)(* Hat (or plane) ^sce Fig. 1) or eairved {see 
Fig. 2). 

3. LiNr: (iMgs. 3--4).- A line has length only, without bre*adth or thick¬ 
ness, anel is the boundary of a supejrru'ies. It may be* straight (right) {see log. 3) 
or curved {see lag. 4). 

4. P(.)li\r (h'igs. 5—6).—A point is erne* of the* (‘xtremitie*s of a line; it 
marks position, but has ne.*lthe‘r parts nor dimensions. 

5. Pl..\Ni- (hig. 7).- Ais a perfe*e-tlv llat sup(*rru:ie*s eu* (*ven surface, 
and is siudi that if any tw’o points in it lx* je)ine‘d by a straight line*, the* w'hole? of the 
straight line will li(* in the sup(‘rrK'ie*s. 

6. PL.wr: 1 m(U'ri:s (lag. 8) Plane*s bounde‘(l by either straight or curved 
lines, calle*el their perimeter, are te*rm(‘d plane //g/z/r.v. 

7. PAR.M.IJa. LlN’r.S (lag. 9). -Paral el lines are* lin(*s in the same plane, 
everywhere at the same distanee* from e*ach other, and wdiiedi, though inlinitely 
produced, would nev(*r meet. 

8 . IIoRi/.e)NTAt> LiNa-s (Fig. 10). -Horizontal lines are siu:h as are 
parallel to the horizon^' or level. 

9. \'i''Rri(:AL Lixias (lag. iia -l ertical lines are such as are parallel to 
the p( 3 sition at rest assumed by a plumb line fr(x*ly sus])(‘n(h'd in a still atmosphere. 
Th(*y are perpendicular to horizontal lines. 

10. iNCiJNia) laxias (lags. 12—13).— IneUned lines an* such as are 
neither horizontal nor v(*rti(’al, but oixaipy interm(*diat(: positiijiis {see Fig. 12). 
Tw'o or more rm(*s which converge or run togeihc*r, and wdiich w'ould meet at a 
point if produced far enough, an* said to lu^ inclined to one another {see Fig. 13). 

11. A\(rl.r: (lags. 14 -16). An an^le\'^ the inidination or divergence of 
tw'o lines, which me(*l or cut eaidi other at a point {s e lags. 14 -15). One angle 
is said to be gr(‘ater or l(*s-. than another, ai'cording as the inclination or opening 
of th(^ lines forming the one angle is gn*at(*r or l(*^s than that of the lines forming 
the other {see lag. i()). 

12. Piarci'.iNDKaa.AR (Fig. 17).--One right line is said to be perpendicular 
to another, wdien it me*ets or cuts it and makes the angles on both sides equal. 
Thus, Cl) is perpaidicular to AIF 

13. RuillT ANca.r: (lag. 18).—A ri^ahl aniplc is formed by two right lines 
that are perpendicular to each other, as CDH. 

ORSERVATIOM. 


* For definition of the term horizon (see Chap. XVI, Art 13.) 
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14. OiiTiJSR Angkr (Imi;. 19)—An obtuse au^le is greater than a right 

angle, as at A. . , , . , 

IS- A(’l;tr Axgij^: (iMg. 20).- An acute anele\'> less than a right angle, 

as at B. 

16. OHiJori* Axiaj' (Kigs. 19 20).- -An oblique au^Ie is any angle 

other than a right angle, and is eitlier ohtiise {see I'ig. 19) or aeut(^ {sec Fig. 20), 
as A or B. 

17. Tri \sc,\a{ (iMgs. 21 -2G).—A triangle is a plane (igurc of thn^e sides 
and three angles : it is ('ailed equilateral I, when tin* sides are all equal {seelyg. 21); 
isoscr/es, when two sidi‘s only ar(‘ equal {sre hdg. 22) ; scnlent\^ wIkmi the sides are 
all unequal (.vet’ 1^'ig. 2^'^); ri^ht aui^/ed, when one angle* is a right angh* {see iMg. 
24); obtuse-angl(‘iJ , wIk'ii one angle* is obtuse {sec log. 25); acuic-Auglcd ^ when 
all the angle's an* acute ( 5 C ’ Ing. 2()) ; and oblique-angled, wh(*n it is either obtuse- 
angled or a('ut(’-angled {sec h'igs. 25- 2G). 

18. Hvi'OiRXi SK, Bask, axd BkriM'xdkm l\r (h'ig. 27).—In a right- 
angl(‘d triangle, tlu* side* which is opposite to the* right angle is (‘ailed the hypot¬ 
enuse, as c \ and of th(* other two sides, one is t(*rined tlu* base, as a ; and the other 
th(" perpendicular, as b. 

19. OrADi^ii.A i'KRAi< (hdgs. 28 34). -A quadrilateral is a plane 
ligLin* of four side's and fe^nr angle's (see bigs. 28—when tin* opposite 
sides are paralh'l it is ('ailed a parallelogram {see bigs. 28—29, 32- 33); 
if its angle's be* right angle's and its length e*xe'(*eals its bnxidth, it is a 
rectangle (sec b'ig. 28); if its angle's be* light angles and all its sides be' 
equal, it is a square (see J^’g. 2()) ; if only two e)t its sides be paralk*!, it is 
a trape::oid {see Jdg. 30) ; il none* ol its side's be parallel, it is a 
trapeziiiin {sec iMg. 31); if the* side's lie* (‘ejual and the* opposite angles equal 
but not right angles, it is a rtioinbns [scu' l*ig. 32) ; if only the* opposite 
sides and angle's, which are* not right angles, be* c'qual, it is a rhomboid 
{see Big. 33). 

2(.). Diagoxai- (bdg. 3i).-—A diagonal is a straight line joining tw'o oppo¬ 
site angles of a quadrilate'ral, as AIB 

21. B<)lA'(ie.)XS (Figs. 35 36).--A7/r.ge//.v are plane figures of more than 

four sides, termed regular w’lie'n the* side's and angles are* all equal. All re?gular 
polygons may be inse-iibe'd in (see big. 35) or cue'umscribed by {sec b'ig. 36) 
circles. 

22. Namf.s 01* Boi.vgOxXS (bigs. 37—40). - -A pentagon is a polygon of live 
sides {see big. 37) ; a hexagon, one* of six {see Fig. 3S) ; a heptagon, one of seven 
{sci iMg. 3()) ; an octagon, one of e*ight {S( e big. 30), e*te'. 

23. CiRGl.r: (big. 41).—A circle, as ACIg is a plane figure bounded by a 
continuous curve*d line*, ('ailed the circumference ox periphery, which is eweryw'here 
equally distant from a point within called the centre, as D. 

24. Di.\MI-: i I':r (big. 42),—Hie* diameter of a e'ircle is a straight line pass¬ 
ing through its e'entre, and terminated both ways by the circumference, as BE. 
The* diame'tea's of a cire'le are all e*qual. 

25. R.vnirs (big. 43). -The* radius of a circle is a straight line drawm from 
the* centre to the circumfe'rence, and is e-qual to half the diameter, as DF. The 
radii of a circle are* all equal. 

26. Arc (big. 44).—An urc of a circle is any part of the* circumference, 
as AB. 

27. C^lloRD (big. 45). —A c//e/v/ ol a circle is a straight line joining the 
extremities of an are', as AC. 

28. SiaiMi xr (big. 46).—A segment of a cirede is any part contained 
betwaien an arc and its e'hord, as .ABCA. 

29. Si-.c I'OR (bigc 47). A .S' ctor is any part of a circle contained betw'cen 
tw'o radii and iheir e'()nne*('ting arc, as ABCDA. 

3(a. Si'.MK'iKCi.i. ( 1 -ig. 48). -A semicircle h.ilf a circle, or the segment 
cut off by any diameter, as bCAB. 

31. OUADRAXr (b'lg. 49). A quadrant is the quarter of a circle, 
or a sector having the tw'o radii forming its sides perpendicular to each other, 
as DEED. 
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32. TaN(;kN'1' (Imjj;. 50).- A taui^cnt is a ri^ht line touching llic circumfer¬ 
ence of a circle in oik* point only and cutting off no part of il, if it be produced, 
as HBJ. 

33. COiVC i-.N'i i;r; CiRCiU'S (Fig. 51).— Concenlric circles are tlios(‘ tliat 
have one ('onimon centre. 

34. Dn isiON or Ciri UAir i’Kl m i- or CiRt'i J*. --ddie circuinference of 
every circle is siippo'-ed to In* divided oil into 3(){) equal parts, calK'd (/cgr(Cs; 
each degree is subdiv i(l(‘d into ()0 i‘(|i)al pails, ('alK'd iiii)inles\ and each minute 
into 60 equal parts, calh'd sccoinh. 

35. Ob Of \l)RAM' ()1‘ CilUff.-- A quadrant of a circle will 
therefore contain go degr(*(*s, and a s(‘micircle iSo degrei's. 

36. SVMnofS Ol' Dia;RM<:s.- -1 )egri‘es are expressed thus"; minut(’s, 
thus '; seconds, thus 

37. MifVSURl'- ot' AN Axf.I.l*. (log. S“)- -hhe nicasitrc an angh^ is an 
arc of a (diade, whose centre is tlu* angular point, and is said to be of so many 
degrees^ nuniilcs, and seconds, as are ('ontain(‘d in its m(‘asiiring ar(\ as ('h\ 

38. (a).MP 1 J'. Mlf\ r (I'ig. rh(‘ eonipU nr ni of an are or angle, is what 

it exceeds or wxmts, of a right angk*, or ()() d(‘gr(‘(‘s. d ims, of the arc I>C, the 
complement is (’F ; and of tlu* angle* BDCbtlu* ('ompk‘ni(*nt is CI) 1 ". 

39. SijiMM.tAii'\ r (Fig. 54). d"h(‘ sHpplenu }it of an arc or angk*, is wdiat it 

wants of two right anglc*s, or 180 degn'Cs. 'rhiis, of the* arc JK-h the supplement 
is Cli, and of the angle J>I)(b tlu* snppli*nu‘nt is CDF. 

40. ShVi'.R \i. RAifls ()!' A Oi'\i)RANr NAMi-D (Fig. 55).—Let DIIH be a 

qiiadranl of a ciiade d(*scrib('d bv tlie radius (.‘IL ddu'ii lll» is an arc of it, and 
nil its coint^lenieiit \ Ilf. or the stne\ I'll or CL its BK its tangcnt\ 

D 1 its co-tangent \ (.'K its secant \ (dl co-cecant\ and l.P> its versed sine. 

41. ProiRJ'M AM) 'riii’ORl'M. - A problem is a proposition in w'hii'h some 
operation or construction is r(‘C[uin'd ; a theorem is a proposition to be* proved by a 
chain of re?asoiling. 

42. (LvoMi'.TRifAI< ('oxsTRfU I'lox.- Geometrical construction signifies 
the .serie's eif operations performed with malhemati('al instruments, in eletermining 
the points and lines involv(‘d in the* solution of a ge*om(‘lrie'al probl(‘m. 

43. faxi's ol'M.'oxs I RL'C riox.' Lines oj construction are the lines used 
in solving problems. 

44. Givigx P(_)IXT OR Lixif-- i\ given point or a give/i Ihie^ mf*ans a point 
or line of fixed position or length. 

45. Tliic Ti'.RM " DifsciRUi*: A.N Arc.” — Describe an arc, signifies that an 
arc of a circle is to be drawn by tlu* dividers, in pencil or ink. 

46. Skttixg ofI' a Dfs I axcI'.-" To e// or lavo/f a distance or length, 
is to mark on the drawing a given dislaiu'e* by the dividers, the* compasses, or the 
pricker; anel, w'ith the compasses, it is done most conveniently by describing a 
short arc. 

47. TiiK ti*:km ” ]ANt:s (AFP.”—Lini;s cut each otlier wdien they intersect 
or cross. 

48. Sifi'inxCr OFF AX AxgiJ'.— To set off or lay out an angle, is to draw 
a line making a given angle w'ith anotlu*r. 

49. J(.)IXING rw’O PoiN'PS.—To join any two points, is to draw a straight 
line betw'een them. 

50. Produc ING A Link. —To produce a Vine, is to lengthen a given line as 
far as may be necessary. 

SIGNS. 

51. F'QUALITY.—The sign = denotes the quantities between which it stands 
are equal. 

^2. Addition.— Tlu* sign + denotes the* quantity it precedes is to be 
added. 

53. wSUBTRACTION.—The sign — denotes the quantity which it precedes 
is to be subtracted. 

54. Mui.tiptication. —The sign X denotes the quantities between which 
it is are to be multiplied into each other. 
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Division. - The siij^n -r stands for division. 

"c;6. (jRi<:ATr:K than.- Tho si<;n > stands for ijn^ator tlian. 

IJ'SS than, -d'lio sii;n < stands for loss than. 

'158* DiffkrkntK ni/rwMT.N. d'he co stands for difftM*ence between. 

5Q. Proportion. -To denoh* that four quantities, A. H, C, D, are pro 
portional, they are usuallv wntttMi tlius, A : 1^> : : P : D, and lead thus, A is to B 
as is C to D; hut when' tlinn* quantities, A, IT C, aie proportional, the iniddh 
quantity is repeated, and tluw are written A ; B : ; B ; C. 

RULKS FOR (iKOMETRICAL DRAWING. 

60. Rui.f 1 .—Never draw a siiT^le line that is not absolutely necessary : 
therefore do not eonimeiu'e operations hastily, without well considering the pro¬ 
ceeding, and while drawing with a peiual, use one inarkiM.l h or II, cut to a fine 
point, and press very lightly upon it; the pencil lines need hi* only just visible, and 
by attending to this the paper is kept cleaner, and tin* constructions are made 
more accurate. 

61. RUU’’. li. -Arcs of cindes, or right lines hv which an important point is 
to be found, should never intersect (‘aeh oth(*r V(‘rv obliquelv, or at an angle of less 
than 15 or 20 degrees; and if this I'annot bi* avoided, some other proceeding 
should be had n'course to, to didine th(^ point mon* preciselv. 

62. Kui.i*: III.—When OIK* arc of a c'iri'le is described, and a point in it is 
to be determined by the int(‘rse('tion of another arc, this laltm* need not be drawn 
at all, but only the point marked off on the Hist, as it is always desirable to avoid 
the drawing of unn(‘cessary lin(*s. 'fhe sanu* observation a])plies to a point to be 
determined on one straight lint* by the inters(*ction (d anothiu'. 

63. Rui.l'. 1 \ . —A right lini^ should n(*\(‘r be obtained by the prolongation 
of a very short one, unless somt* point in that prolongation is first found by some 
other meang especially in any essential part of a problem. 

64. RiJur: \k— 'I'hr larger the scale on which any problem, or part of one, 
is constructed, the less liable is thi? r(‘sult to (*rr(u*: hence* all angles should be set 
off, and points determiniK.1, by m(*ans of the largest circlt's which circumstances will 
admit of being described. 

65. RuiJ*: VI.—All lines pi'ipendicular or parallel to another, should be 
drawn long enough at onciy to obviate the necessity of producing them. 

66. Rui.F VMI.—Whenever it is prai'ticable, lines should be drawai from a 
given point and to it; and it the lini* is to pass through two points, befon^ 
drawing it the pencil should be moved along the rule, so as to ascertain whether 
the line will, when drawn, pass through them both. 

67. Ruff VIII. -Avoid setting olf equal l(*ngths on a given straight line by 
continual repetition of one such length, but mark off, on the line, a convenient 
multiple of the giviai length and subdivide it, f.c., work from the wdioli.‘ to parts, 
not from parts to thi^ W'hole ; this is a great prini'iple m surveying as well as plan 
drawing, and is especially to be observed in the construction of scales. 

GEOMETRICAL THEOREMS. 

68. fHFOrir.M I (hig. 56). If a right line falls on another, as AB or EB 
does on CD, it either makes with it two right angles, or two angles equal to two 
right angles, that is CBA + AI^D -= Cl^E + EBD = two right angles. 

69. PllFORr.M II (big. 57). If one right line crosses another, as AC does 
BD, the opposite angles, made by those liniN^Avill be equal to each other, that is, 
AEB to CED, and BEC to AED. 

Thforfm hi (big. 58). If a right line crosses two parallel lines, as 
GII does AB and CD, then, 

Jst. The sum of the interior angles on the same side will be equal to 
two right angles, that is, AEF -f CFE — two right angles, and 
BEb + DbE — two right angles. 

2 nd ,— Fhr alternate angles will be equal, that is, AEF = EFD, and 
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jn/. riie exterior angle will be equal to tlu' interior and opposite one 
on th<' same side, that is, yXMd =: CFl'i, and BKC] — DFE. 

71. 1 llltORIt.M I\ (I'ig. ^q). -If in ,any triangle Al!(i, one of its sides, as 
BC, is procliuMMi towards D, it will inaki* llu* r\t(‘n^il an !(' ACA) equal to the two 
internal oppositf' :\]vj\c. talon to.;(‘lhor: viy., to i> and A. 

72. 'J'lll'OUi'M A (Fi^. Oo). -If in am' tiian^lc* AllC, all thi'throo angles 
tak(Ui togothfs' are (‘qiial to tw(^ ri^Iit an^los, a/j., A + ]] + ^ two rii^ht 
anij^les. 

73. TtlEOni-M \\ (Fii^. 61). If in any two trian<j[los, AHC, l')F"F, thore be 
two sides, AH, AC. in tie on(‘, severally (‘qiial to two sides, DR, DF, in the other, 
and the ani;ie A c'ontaii^f'd l)etw(H*n the tw'u sid(‘s in the on(\ equal to the an^lt' D 
in the other; then the reinainiiii^ angles of llu* oiu* will he scwa-rally ('qual to those 
of the oth(T, 77,0’., 1 > — 1 '. and C — 1 ' ; and the base' of th(‘ one, F)C, will be equal 
to Fly that of th(‘ other. 

74. TltlbORI'M \ II (hii(. 62). Th(‘ an^l(‘ I>Cn, at the ecMitre of a eirc'le 
ABDR, is doubk* the ane;l(‘ l^Al) at the eireuinfereiu'e on tlu‘ same l\'ise. 

75. 'rili'OKI'M \'ill (hii^'. t)3). If from th(‘ eenti(‘ C of a lirele AHR, there 
be let fall the perpendieiilar CD on tiu* cdiord AB, it will biseet it in the 
point D. 

76. Tiii-:()R 1'M IX (loy;*. 64). If from th(‘ eentre of a i'irel(‘ AI)!^] there be 
draw’ll a perpendieiilar ('D on the ehord AB, and prodiuaal till it meets the eirele 
in F, that line, Ch', will bisiu-t the are AB in the* point l\ 

77. 'riir:()Rl.M X (hdij:. 65), -If two equal and paralkd lines AB, CD, be 
joined by two oiIkm' lin(‘s AD, BC, those lini's will be also equal and parallel. 

7cS. d'lII'.ORI aM XI (hiej. (>()).—All paralkdoyrams on the saiiK* or equal 
bases and between the sanu* paralk-U ao* equal to on(‘ anoth(*r, that is, if BD = 
GH, and the lines BII anti Ah' are parallel, then tlu* paralk‘lo<!ram ABDC rn 
BDFR = RFGH. 

79. 'llleORl'M XII (hii^. ()7). -In extuy ri<.‘ht-anij{‘d trian^’k* ABF), the 
square of the liypottMiiist* or lon<;'<st side, BC, or BCMII, is equal to tht‘ sum of 
the squares made on the othtM* two sid(‘s, AB and AC, that is, to ABDR and 
ACGF. 

80. Thi-orfm XIII (h'i<,y 08 ). In all eircles the ehord of 6e) dec^rees is 

aUvays equal in length to the radius. 'I'hiis in th(‘ eirek* ARBD, if the are ARB 

be an are of 60 de crees, and tht* ehord AB bt* tlrawn; tluMi AB> — AC — ('B. 

81. 'rilKdRKM Xl\' (h'i^j. 69). - If in tw’o triani^les, ABC, abe, all the angles 
of one be eaeh respeetively (‘qual to all the angles of the other, that is, A ^ a, 
B = b, C ~ e : then the sides opposite to the (‘qual angles will be proportional, 

VI 

AB : ab : : AC : ae ; 

AP. : ab : : BC : be ; 
and AC : ae : : BC : be. 

82. TllHORRyi X\ (Fig. 7(:)). -If Irom a point A without a eirele DBCE 

there be drawn two lines ADR, ABC, (_‘a('h of them eulting th(; einde in two 

points ; the product of one whole lin(‘into its (‘xternal part, 77.S'., AC X AB, will 
be equal to that of the other line into its external pait, 77’::., AR X AD. 

83. TiiibORibM X\ I (Fig. 71). driangles ABC, BCD, and parallelograms 
ABCF, BDFX having the same altitude, have the same proportion betw’een them¬ 
selves as their bases, AB and BD; that is, AB : BD :: ABC : BDC or :: ABCF : 
BDEC. 

84. Theorem XVII (Fig. 72). -Triangles ABC, DRF, standing upon 
equal bases, AB and Dl^, are to eaeh other as their altitudes CG and FH ; that is, 
ABC : DEF : : CG : FlI. 

85. Theorem XV 111 (Fig. 73).- If a right line 1 ]F), be drawn parallel to 
one side of a triangle ACD, it wall cut the two other sides proportionally, vtJ., 
AB : BC : : AD ; ED. 

86. Theorem XIX (Fig. 74). - If two triangles ABC, ADE, have one 
angle BAC in the one, equal to one angle DAIi in the other, and the sides about 
the equal angles proportional, that is, A 13 : AD : : AC : AE, then the triangles will 
be mutually equianguhir, that is, B D and C = E. 
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87. Tiik.oRB.M XX (Fis^. 75).—l^quuingubr (riangle.s ARC, DKF, are (0 
one another as the squares ABKI and DlbML of their homologous sides, that is, 

ABC : DEF : : AK : DM. 

f 

GEOMETRICAL PROBLEMS. 

88 . PrOBIJ'.m 1 . - 7 'o disec/, or divide into l:vo cqunl parts, a given straight 

line or arc AB. (l^i^ ) . , i i- i r 

From A and 13 , as centres, with any radius ^rcatc^r lluin hall the, 

describe two arcs, intersecting each other in C and D j dra^\ the* line* CO, and it 
will bisect the given line or arc AH in 1 ^ or h. 

89. PkoiuJ’.m 1 1. To erect a perpendicular from a given point C in a 

given right line AB. 77 “ 7 ^*) 

(^/) When the* point is nc'ar the middh* of the line. {See iMg. 78.) 

On each side of the point C take equal distaiu'cs CE ; Irom D 

and E, with any raOus gn^atc'r than DC, di'scribe two arcs inter¬ 
secting (*ach otlu-r in V ; draw tlu* line* CF, aiul it will be the 
pe rp< ‘11 di (M11 a r reqni n ‘d. 

(/;) Will n the point C is at or near the e‘iul of the liiii*. (See V\g 77.) 

h'roin any point 1 ) ovu* the lini*, with the radius DC, describe an arc, 
cutting the line AB in E and C ; through 1 ^ and D draw tlu* right 
line hT)F, cutting the arc in h' ; join h'C, and it will bt,* the p(*r- 
pendiciilar requir(‘d. 

go. PKOlM.r.M III .—From a given point C over a given right line AB, to 
let Jail a perpendicular on it. (b igs. 79 -80.) 

{a) When the point is nearly over tlu* middle* of tlu* liiu*. {See h'ig. 

79 )- 

From tlu* point C, with any convenient radius, desi'ribe an arc cutting 
AH in G and 1 ) ; Irom G and D with a radius longer than tluj 
half of CD, desc'rilu* two arcs crossing each other in E ; draw 
tlu* line Ch], cutting the givc/n line in h', aiul Ch' will be the per¬ 
pendicular re quired. 

{b) Wheai the point is iu*arly opposite tlu* e'lid of the line. {See Fig. 
80.) 

From any two points 1), IC, at some* distance apart in tlu* give'n line, 
and with radii DC, hX', re*spectively, de*scribe‘ arcs I'utting at C 
and F ; join CF cutting AH in (5 ; CCj will be the pe*rpenelicular 
require*el. 

91. PROHLr'.M \\ . -—Todra 7 o a straight line parallel to a given straight 
line AB. (logs. 81 — 82.) 

{a) When the parallel line is to be at a given distance* \i. {See iMg. 

At any twai points as C aiul 1 ) in the line AB, ere*ct perpe*ndiculars (by 
Prob. II, Art. 89), on Avhie h lay ejff CV and DG, (*ach equal to 
E. Through F and (1 draw the line EG, and it will be parallel 
to AH. 

(6>) When the paralle*! line is to pass through a given point D. {See 
Fig. 82.) 

From the point D let fall a pi*rpendirular DC on AH (by Prob. Ill, Art. 
90) ; at any point 1C as distant from C as possible, erect a per- 
pendieailar (by Prob. 11 , Art. 89) ; and set off ICG equal to CD. 
Through G and D draw tlu* straight line GD ; it will be.* parallel 
10 AHr 

92. Proiu.km \d— 7 b divide a given straight line AB into any required 
number of equil parts. (Fig. 83.) 

Draw^ the line AC, making an acute angle with AB ; set off on AC, with any 
convenient di.s^^ance, tlie requin^d number of equal parts Ai, i 2, 2 3, 3 4, 4 ; join 

and draw parallels to it to meet the line AB from the other points of division 
in AC (by Prob. IV, Art. iji). These parallels divide AB as required,. 
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93. PROBI.RM \'I. —To divide into any required number of equal parts 
a i^iven straight hue AB^ which is too short to admit of distinct divisions, 
(Fig. 84.) 

At A crcrl a prrpc-ndit'uLir AC (hv Prob. II, Art. S9\ and at any ('qnal dis¬ 
tances A4, 43, 32, 21, iC, in AC, draw a.s inanv straight lini's parallid to All (by 
Prob. \\\ Art. 91) as tlun' are parts required -.^av, in lliis ca^e, five. Join CP, 
cutting (Mcb of tht\s(‘ paralkds in 5 ; tluMi 1-5 \\ill hr I, 2 —5 will be 3 -5 w'ill 
b(‘ i?, and 4—5 will be J of AP. 

94. PkoMI i.M \’ll. -To divide a given right line /III into any number of 
parts exactly propo>-tional to the parts of another right linc^ (P^is- <^5-) 

L(‘t AP be the line divid.ed into any numbin' of parts, AC, CD, DF, KF, FG, 
and (jP ; and l(‘t y\II lu* the lim^ to be divided ; draw' IIP, and parallel to the same 
draw^ (by Prob. \\\ Art. 91) the linc\s (xj, VK, KL, DAI, etc.; thtm the line AH 
will be dividi'd exactly proportional to the iini* AP. 

95. PROIUJ'.M \’II 1 . —. 1 / a given point A to make an angle equal to a given 
angle HBf. (Fig. 86.) 

From the given point A draw any line AJ, and from A and P as ctmlres, wdlh 
any and the saiiu* radius, describe ares h'lC DC : from F as a centre, with radius 
equal to tlie chord of the ari' DC, deseribi* an are cutting FE in G ; through G 
dr.uv the line AGK, and JAK will be the angle* n quired. 

96. Pke inLiLM IX. — 7 b bisect, or diviae inio two equal parts, a given angle 
ABC\^ (Fig. 87.) 

From P as a ('(‘litre, with any radius, (!(‘S('ribe the* ar(' DE ; th(‘n from the 
points D and K, Avith any radius long(‘r than the* half of DE, describe* arcs inter¬ 
secting at F ; draw' tlu* line Ph', and it will bisi'ct the* angh* APC. 

97. PR(')JiLP.M X.-- 7 a bisect the inelination of two lines of which the inter- 
section would fall without the paper, (big. 88.) 

Upon the give*!! lini's CP, (UI, draw^ at anv points perpi'iidiculars El% HG 
(by Prob. II, Art. 8()), of (‘qu.il length ; and through V and G draw' parallels to 
the* r(‘spective lin(‘s (i)y Prob. l\h Art. 91), ('utting at S. Pise*('t th(‘ angle FSG so 
forme‘d by^ the* line SD (by Prob. IX, Art. 96) ; and this line equally divides the 
inclination of the given lines. 

98. PROBLKM XI. - 7 b trisect, or divide into three equal parts, a right 
angle ADC. (h'ig. 89.) 

From the* ]:)(:)int P Avith any ra( ins, d(.‘seribe‘ the* aia* DE, cutting PA, PC, in 
D and E. f rom the points 1 ) and E, A\ith the .same radius IH) or Pl{, cross the 
arc in M and X respectively'. The*n, draAV the lines PAI, PN, and the/y aaHI trisect 
the angle as required. 

99. Problkm XII.— To make a triangle with three given lines AD, 
AC and BC provided the sum of any two of them be grader than the third, 
(Fig. 90.) 

On any of the* given lines, as AP>, from i\ as a centre*, Avith a radius e'qual to 
AC, de*scribe an are'; then from P, as a ce‘ntr(*, Avith a radius equal to BC, 
describe* another are' cutting the former in the point C ; draAV AC, BC ; and ABC 
Avill be the triangle* re-qiiired. 

100. Pr(.)BL1‘:m XIII. -Upon a given right line AB to describe an equi¬ 
lateral triangle. (Fig. 91.) 

From tile points A anid P, Avith radius (‘qiial to AB, describe arcs cutting 
(*ach other at C. Draw AC and PC, and APC will be* the triangle* required. 

101. Probi.km XI\b 7 b make an equilateral triangle to a given height 
All (Fig. 92.) 

Pisect AP in C. With P and C as ('(‘litres and radius PC describe arcs 
intersecting at D and E; join AD and AE <ind produce th(*m. At the point B 
draAV FPG perpendicular to .\P (by Prob. II, Art. 8(9), meeting AD and Alt pro¬ 
duced in F and G ; and AEG will lie the; equilateral triangle* required. 

102. Probucm XV. -Upon a given base AB to describe an isosceles 
triangle, the other sides of which shall he equil to the line C. (Fig. 93.) 

From the points A and B as centres, and the* line* C as radius, describe arcs 
intersecting in E; join AE, BE, and ABE w'ill be the isosceles triangle 
required. 
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103. Pkori.eM X\’l.—7(5 make a triangle equal to a given quadrilateral 
figure ABCD. (Fi.U-94 ) 

Draw the cliat^onal AC, ami paralh?! to it DI'l (by I’rob. 1 \ , Art. 91), meeting 
ICA produced in if; then draw CC, and I'iCIl will be the triangle required. 

104. Problem X\'U. -To make a triangle, equal ton given five-sided 
figure ABODE. (Fig. 95.) 

Draw DA and DB, and also Ell and CF parallel to them (by Prob. IV, Art. 
91), meeting AB produced in It and h'; tbc.n dr.aw DM, Dh’, and the triangle 
IIDF will be the one required. 

105. Pkobi.k.m X\ 1 II. -To construct a square upon a given line AB. 

(Fig. 90.) 

I'l'oin the point B erect the perpendicular BFi (by Prob. II, Art. 89), equal 
to AB; and IVoin A .and C, with the radius AB, describe arcs inter.secting at 1 ); 
draw AD and CD, and the square .ABCD will be lompleteri. 

106. Problem XIX.— 7 (> construct a rectangular parailelograin, the 
length and breadth of which shall be equal to tno given lines AMB and CAB. 

97 -) 

At B th(‘ piTpcndicuIar DC rqual to the hrradth N. With A as ta.Mitro 
and radius equal to HC, drsc'rilji' an arc; with C as centre and radius equal to 
M, (l(‘scribe another arc cutliiu^ liu‘ forinca* in 1); join AD and CD, and the 
requircal ligure ABCD will hi* coinpl(‘l(*d. 

107. PkoinjAM XX. I'o make (\ rhombus 'n^Iiosc side shall be equal to a 

givc7i line IV. (h iii'. 

Draw' the line AD equal to W* ; Iroin D as centn' and DA as radius describi^ 
the arc G ; from A as cc^ntn* and tlu* same radius (iescribe an arc intersecting; the 
former at B ; and irom J 3 as centn* and the sanu* ratiius describe another arc 
intersectiiii^ tlie first in Id Draw' Al), Bh', ami h'D, and the rhombus ADh '13 will 
be completed. 

108. PKOnciA.M XXI.— To make a rhomboid the longer and shorter sides of 

ivhich shall be equal /ofho tiihs M and N rcs[>octivr/y. 99.) 

Draw' the line AB ( qi.Kd to M ; then Iroin .A sed off AD, making; any anisic 
DAB that may he required, ('qual to X. W ith 1) as eentre and radius equal to M 
describe tlie are c, anc with 13 as ('cntn.* and radius equal to i\ dt‘seribe an arc 
cuttini^ the former in C ; draw' Al), DC, and ('D, and tin* o quired rhomboid ABCD 
W'ill ho completed. 

109. PkoBUaM XXI 1 .-— 7 b make a square equal to a i^iven rectans^le AB 

CD,^ 100.) 

Produce oik* of tlu' sides AB till BK (‘quals BC ; bisc'ct Ahv in O 
(by Prob. 1 , Art. 88), on whieli as eentre with radius OA, descril)e a semi¬ 
circle, and produce BC to meet it in P. On Bh' d(*S(rib(* the square BFGH 
(by Prob. XX'III, Art. 105), and it will be equal to the reetani^de ABCD, as 
R*quired. 

Tio. lbR)Hi.i:M XXlll. 7 b/ orm (1 square equal in area to a pfiven trianffle 
ABC, (h'i- 388). 

On th(‘ lonqi’^t siile prodm'ed s(*t off (.D, equal to half the perpendicular 
height Bid and at (" crci't ihi* p(*rpcncieular ('h'; ihrn on AD d(‘seribe a s(uni- 
eirele cutting Ch m (i. and on C(r. form the squan* CGlll, which will be equal in 
ar(‘a to the giv(_-n triangk*. 

111. ib<(RU-i'M XX 1\ . -lo find fho centre of a given circle. (Fig. loi). 

Draw any ehoid and luscet it (^hy Prob. 1 , Art. 88) with the perpen¬ 
dicular CD (t)y Ihob II, 7\rt. 89), which also bisect in O (by Prob. I, Art. 88) for 
the centre* ot the* ( iredi*. 

112. lh\()iR IaM XX\ . -' 1 0 find the centre oj a circle of ivliich an arc only 
IS given, (hig. ie')2.) 

Draw' any two chords y\B, IKd, and bise'ct them by perpe‘ndiciilars DO, EO 
(by Probs. i II, Arts. X.S - 89) ; the point U, in whicb they meet, will be the centre 
of (Ik; circle of wliicb ABE is ;in arc. 

OBSERVATK^N. 

lo find a mean proportional, is equivalent to finding a square = a rectangle. 
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113. Problem XXVI. —To draw a tangent to a given circle that shall pass 
through (I given point A. (Pigs. 103—105)- 

{a) Whrn th(‘ point A is in the circunifrrL'ncr {sre Fig. 103). 

Draw the radius AO and th(' line DC perpendicular to it at 
the point A (by I^roh. 11 , Art. S9) ; DAC will be the tangent 
r(‘quired. 

(/;) When the point A is in tiu* circuinferencca but the centre of the 
circl(‘ is ina('C('SNibl(\ {See h'ig. 104.) 

Tak(^ any two ('qual distances y\ 15 , 1 )C, upon the (‘ircunipTence from 
the given p(unt A. Draw the chord AC, and with A as cc'ntre 
and radium Al>, d(*scribe an arc DIUC cutting tlu^ chord AC in I"'.; 
make I)D equal to PAi, and draw Al\ which will be th(? tangent 
required. 

(c) When the point y\ is without tlie circle. {See log. 105.) 

Draw the line AI> from the giv(‘n point A to 1), the? centos of the circle, 
and bisect AI) in C (by Prob. 1 , Art. 8S). h'rom C as centre, 
with radius CA or CI>, desc'ribe a circk' cutting th(‘ given circle 
in D and K ; draw Al), AE, and they will both bi.' tangc*nts to the 
given circl(‘. 

I [4. Ib^OBLim XX\dI.— To describe the circumference of a circle through 
three given points A, B, and G. (hig* io6.) 

Draw the lines AM and lU", and bis(‘ct tlimn with two others drawn perpen¬ 
dicular to them (by Probs. 1 -II, Arts. 88—•S9), prodiu'ing tIu* ^ame till they meet 
in tile point D. \\ ith 1 ) as a cc^ntre and radius DA, Dib or DC, describe a circle 
which will pass through th(‘ points as requiiash 

115. Pkoiji.ivm XX\’ 1 I 1 .— 7 b find a third proportional to two given right 
lines, AB and FC\ (Pig- 

At either extremity of tiu; given lin(' Al>, draw Alt, making any angle with 
it, from which cut off AC, (‘qual to the other line VC, and jekn IHj. Prodmaj AB 
and makii BD equal to h"C, and from 1 ) draw Dlt parallel to BC (by Prob. IV, 
Art. 91) ; GE will be tiu; third proportional required ; that is, AB : h"C : : J^'C : 
GE. 

116. PROBLILM XXIX. -To find a fourth proportional to three given lines, 
P, Qy and R. (hdg. loS.) 

Draw two limts AD and Alt, making any angle ; make AB and BD ('qual to 
the given lines P and Q, and A(^ (‘(jual to thc^ line R ; join BC, and through 1 ), 
draw DIt paralhd to BC, and the lint; CE will be the fourth proportional required ; 
that is, p : Q : : R : CE. 

117. PROBLIVM XXX.^— 7 b eonstriict a scale of chords. (Pigs, iii, 185.) 

Transfer the divisions on the arc of a quadrant to its chord, rhus, suppose 

ACB is a quadrant and the right line BA the chord of its arc. laT this arc be 
divided into 90 equal parts or degreics ; then, if one; fo(H of a pair of compasses be 
kept on the point B, and arcs successivady described with the other from (vudi of 
the; 90 divisions on the arc to mead BA, those arcs will divide it into a line of chords. 
For a larger scale of chords, see Pig. 185. 

118. " Ih^Oiu.r.M XXXI.— To make an angle of any proposed number of 
degrees. (Pigs. 109—iii.) 

Take the first 60 degrees from a srxde of chords {see Fig. iii) as a radius, 
and from A as a centre {sec log. 109), describe an arc BC. Next take the pro¬ 
posed number of degrees from the scale of chords, and set them off from B to C ; 
then draw the lines AD, Al^, and the required angle will be made. If the angle 
is to contain more than 90 degrees, it must be taken at two operations (^see 
Fig. no). 

119. Problem XXXII.— -To find the number of degrees contained in an 
angle BAG. (Figs. 109—in.) 

From A for a centre {see Fig. 109), and with a chord of 60 degrees 
for a radius {see Fig. in), describe the arc BC. Next take the distance BC, 
and apply it to the scale of chords, which will show the number of degrees. If the 
angle contain more than 90 degrees, it must be taken at two operations 
{see Fig. 110). 
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CHAFTKR II. 


Mensuration of Surfaces. 


Di^inxrnoNs. 


1. Mi^:xsrR X'i'iox. - 'S tlic arl (^f incaMirini^^ rii;'Lir(\s of every 

form, \vlu-tli(-‘r siij3(a'ri( ial or solid, roiailar (»r lrro‘*ular. 

2. Mj^asrkI'S. J/ct/sz/rrs :ivi^ i)\ llir(‘(‘lands ; fdiK'al, S(|iiar(‘, and Solid. 

3. ()Ri 3 iNAm' IjM’-M. Mi*\sm^!S. --'TIk' ordinary liiu'al m(\asiir(is arc 
Inches, Feet, ^'ards, Chains, and Mih/s. ddie oth('r measiin's arc* the squares or 
cubes of thc‘s(‘. 

4. AkivA. ‘Area means tlu‘ super!icial {•onlent ol any plaiu* ^^('ometrieal 
figure, estimated l)y th(‘ squan's of some known lineal measure, as inelu^s, links, 
chains, etc. 

5. Arka. now Ri-:( iv()\r:n. (h'iy;. 202.) —'TIk; area of any plane figure is 

the mi\asurc‘ of the space contained within its lines or bounds. This area nr ('ontent 
is estimat(‘(l bv the number ol little squanss that may be contained in th(‘ figure ; 
the side of thos(‘ squares b(.‘ing an inch, a loot, a \art!, an a('r(‘, or any otlua' lixed 
quantity. And hema? thi^ area or content is said to be so many square inidies, or 
square feet, or square yards, (‘tc. 'flius, if the figure to lie nieasunal be the 
reetangh' AFCI), and tlu' link* square 1 ^, whose side* is one incdi, lx* lh(* measur¬ 
ing unit : then, whatev(‘r niimlx*!* ol tho^i* little ^(]uar(‘s may lx* madis to lit into the 
ligun.y so many scjuao* iiK'lx/s it is smd to ('ontain. which in the pres(‘nt ('ase is 12. 

6. ;\Li'ii ri)ie (h'ig. ) -fh(‘ ^V/V/z^/e oi any ligun* is th(* straight lini^ 
draw'n from its yerti'X jxapi'udii'ular to its basiy as All. 

7. FI'.r i.Mi-:'l l-'.R. (I’ig. fH3.)- Periinelcr the oiitiT boundary of a figure, 
or thi' sum of all its sides, as y\L)C. 

(S. FcNig (h'ig. 20=;.)--'A lunc is a ligun* bounded by twa) arcs of circles, 
as AMCDA. 


f). hiuJiaSR. (Fig. 2()g). An c////>.sa’is an oyal figure, the' section of a cone 
fornnal by a jilaiK* cutting both sides ol it obli(|iii‘ly, as AlUF 

10. CijR\ iiaM':ar. (I^ig. iiS.) —\ curvilinear ^\\^\\\(y. is a ligun* bounded 
by (’ury(‘ lines, as AlUb 

11. (iRDiN.VTl'l. (big. lib-)' y\r, orihnolc, as CD, is.a straight line" draw'n 
from any point in a curve peipendi( ularly to anotluT iraight lin(* e.alled the abscissa, 
as AB. The absciss.e and ordinates togilher aia‘ I'alUal th(' coordinaies of the 
point. 


namely 


FFNCFfUS. 

12. Lin1':ai. Mi-:.\SURI‘'..-’- 1 li(‘ lineal me.a aiON coiumouly used are as follows, 


inches —- 
3 feet 


i foot, 
yard. 


22 yards, or (>() leet - - 1 ch.ain (Gunter’s) of 100 links. 


10 cliaiiis --- I fiuioiu 
8 furlongs, or So chains — - 1 mile*. 
'The following is a table ol lineal measure'^':—- 


In. 

Lk, 





7'9- 

1 

Id. 




1 ’ 

I 

cn 

\ 

1 

va. 




^ 4'54.S - 

3 - 

I 

Cll. 


792 

10(1 ; 

6 f) 

0 0 

— 1 

Fur. 

/•9-r 

- - J ,000 

60(_3 - - 

2 20 

- - 10 - 

- ^ I 


- - 8,0()(J _ - 

5,280 

I ,760 

- - 80 

-- 8 = 


Ml. 


l''nr .1 i’oin])!( f»‘t il)lc ol liiii.ilMX.i .nr, 'I’.iUlc L\ oMhr "('.-ili ul.if in^ Tablrs ”(5th edition), 

a hr h n^di-h t ul'it I' 1 S iiv e.t s, or oi i < li.iin. din Unrnirsr eulnt i Iik lu's. 

In liuli.i and I'lnin.i thr dii. d. i in. il t'in ol nx .i-.m pi o\.ol-, \s hn col t hr loot of i 2 inenrs is the 
l).isi'». I t t‘ \.ird, whii li IS cipial to ,; moa in.idi l)\ in.ntri’tiit the sl.md.ird ol lineal inrasnrc'iiienL f('r 

this country. 

A i^eoi^rnf'liii a! or ttnuUnil mlh- o,o.Sj-(.i) fret. 

Some of the other known, hut little used, sniall me.isures are : a point = -'r inch ; a line — 6 points =; 

inch ; a paUn — incites; a Juind - i indies; .i span — ») inches. 

^ Sections J and 4 of Act 11 of iP 8 f) of tlic Lcfilslative Council of the Governor-General of India run as 
follows: “ d’tic imperial standard yartl tor the United Kingdom shall be the legal standard measure of 

lenglti in British Imlia aful be called the One-third of the standard yard shall be called a 

foot, and cne-thirty-sixth part of such a yard shall I e tailed a standard inch.'* 
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TRIAXG!,KS. 

The sides $f a rie^ht-anglcfd Irraiii^le heini^ io Jind ilic hypotenuse. 

Rule : l^xtract the sqiian" root of the -uiia (^t tho squares of iho ^iven sides 
{see riiaj). I, Alt. 79). 

E.Kample : One si(l(‘ ot a rii;h.l'ani;!( (l iriaiiidc is 3 fei*!, and the (^thei side 
is 4 f('el ; find th(‘ hv]3uti‘iuise. 

Hypotenusi' := J 3-^ + 4- z^/ (; + ^ ^ -\S 0 

14. The livpotcuii: d uud o)ie side op a riiflil-au^^deil fnougle b('i)}^' ^iveu^ io 
find the other side. 

Rule: KxtraO IIk^ square root ot the' dillereiua; of the sqiianrs of the qiv(‘n 
sides [si'd Cliap. I, Art. 7()). 

K.xample\ Thi‘ hvpote]iu.s(‘ oi a n;3lit-ane.i(‘d trianr^h* is i3ineh('s, and un(‘ 
side is 5 inches ; find th(‘ otlu-r sid(\ 

Rec(uired sid<‘ --= J\y ' y ^ J\(n) - 25 — J 144 — 12 inches. 

15. In an equiloteret iriaiii^Ie one sidd heiu^ i^iven, and in an isosceles 
triangle ihe base and mie of llie equal sides b* ,<! let n, to pud the altitude. 

Ruli‘\ l^Atraet th(‘ squao' root ol tla* dilha'ciua* ot tli(‘ squanss of the i^iven 
side and half tin* bases 

Example: Ri'quin'd tin* altitude ol an is()se(‘Ies trianeio one of wliose (‘qual 
sides is 10 and base^ (e 

Altitude* -■= fj ic)- 0^ “ si 100 3t) hj 64 — 

16. /A/T7';/3'\<j/a(7/ the base and perpeuiileular 0) a ri^hl’aufqh d triangle, 
iofnd the perpendicular let tall on the hypotenuse prom the right angle \ and 
also the segments into whieh tins perP'^Didicular divides ihe hypotenuse. 

Rule: hirst lind the Inpotenuse*. then divide* the* scpiare* e)t the i^uaviteT siele 
by the* hypotenuse l(.)r the* i;Teale.*r se*i;ni<‘nt, anel the.* s(|uare‘ e)f the* lesse*!* side 
by the* hv]3e)te‘nuse‘ for the* lesser .se‘eine nt. Xe*\t, extiae't the* sCjuare root of the 
produe-t e)f tlie'^e* twe) se'eine'lits fe)r the* peTpe'Uelieailar re*e.|iiire*e|. 

Example: d'he* base* anel pe'penelie'ular e)| a rie;ht-ane;le‘el triangle* are* respec- 
tive*ly 0 and 12 ; re*e|uire'd the* ^-e'.one-nts inte) whie-li the* Iiy])e)te‘nuse* is eli\ieled bv a 
perpendie'ular let fall on it fre)in the* riyjit ani;!'* ; <ilse». re‘e|uire‘el this perpenelie'ular. 

First, hypotenii.se — J 12- + <)“ -- /s/144 + 81 — J 225 = *5 ; 

the*n, i;reater serine*)!! (y()^ 

‘ S bS 

1 1 . 0 ' 

and lesser se'oment = — ' 5 4 ; 

’ .S FS 

also, pcrpe'nelie'ular — ^ 9*0 X 5*4 ^ V 5 ‘ 4:'4 = 7 ' 2 - 

riRCLh.S. 

ty. To find the circumfercnee op a eirele, ihe diameter being gheiu 

I\ule : iVIultiply the* eliame‘te‘r by j2, anel eliyide* the* proeliu't by 7.^ 

Example I'he diauie'te'r of a ein'le is 21 ; what is the eire iinife‘reHce ? 

21 X ^ 

Cireainuereiiee = ^ 3 x 22 == 00. 

T. . 

18. To fnd the diameter op a circle, the circumpercnce being given. 

Rule : Multiply the* e ire uinlere-iie'e by 7, anel diyide* the* product by 22.f 

Example: The eireunifereMiev of a e’ircle* is je^S ; what is the elianieter? 

J)ianieter = ^ ^ :=^ 9 X 7 O3. 

22 

cnoRD.s, 

IQ. All]' ih'd of the following iliiiicnsioin bring given, to find the others 

(/ri’r Arts, 13 and 14). (Fig. 204.) 

C. /, the radius. 

AD, the chord of the zvli'dr ore ; 

Ul’.M.RV \llt/\s. 

* More cematly : Multiply the ilinmetcr by 3141 sg.^. 
t More correctly : Multiply the circiimferencc by o’3i8310. 
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AID TO r.AND-SURVRYING. 


AB, the chord of half the arc ; 

BE, the height of the arc, also called " versed sine-," 
EC, the Cl ntral distance.* 

1. Given BE, AB ; ret]aired BE. 

Eor mala J}K 


Bi<; 


Example-. 'l'h<; hcl^dit of an arc is 2 feet, and the chord i i half the arc is 
6 feet; find the diameter of tlu' circle. 

Diami'ter —feet. 


Given AB, BE-, required BE. 

// ; nr ^B'^ , 

rormula-. J.>Li, — 

1 > V 

Example ^ Th(_‘ chord of lialf iIk* arc is lo yards, and the diameter of the 
circle 75 yards; find thi; hciiL^dit of the arc. 

Ilcii^dil of arc - li yards. 

75 75 

3. Given BE; required AB. 

Eornnih: AI.) =i J 

Example : TIk* heij^ht ot an arc' is 3 f(‘ct 9 in<'hes, and tlie diameter of the 
circK' is 33 fiH‘t 9 im'hcs ; r(*(|uircd the chord of lialf tlic arc. 

Chord of lialf th(‘ aia' J feet 9 inches X 33 feet 9 inches == 

n/ 3 } X .Tli = -‘iM’■ --- r I '1 n 3 "i^ies. 

4. Given AD^ BE ; required BE, 

A I 

Formula'. BF --^= + B1C|1 

Example -. The cliord of an arc is 40 furlongs, and the height of the arc is 
8 furlongs ; requiied the diameter of thi; circle. 

Diameter = + 8 — + 8 50 + 8 = 58 furlongs. 

4X8 .42 


5. Given BE, BE'^ required- AD. 

Formula : Al) - - 2 J[\\i x (IB^' — \U\). *1 

Itxample : d'h(‘ liei^dit oi an aia* is 6 miles, and the diameter of the circle 
156 miles ; what is the chord of the arc? 

Chord of the arc ==- 2^0 X (156 — 6) — 2 J 6 X 150 
2 ^/ 900 2 X 30 --- 60 miles. 

6. Given AD^ BP" \ required BE, 


P'ormula : Bli 


BF ~ J l]F2 


— A D iic % 


0 USF.RV\TI()NS. 


(loomt'liv piovidfs MS wltli tho t\M> iDllowimport.int rostills which .nre much rmploycil in the 
11 ol thc^'C problems, n.Tmcly ; - Al>- ; .uul h'l^ X EB ~ AE X I'.O. 


AB 


solution ol tin 

1- Reason: .Since E lb BE AB', BF= 

AW 


X Reason : Since ElbHl^: = AB■^ = Bh’. j,|; 

§ Reason: .Since FB BE ^ AB*', = AB x'lUvBh'. 

AEED^AK^ An = 


11 Ronton : Since lOvIhB - Alviai, 


I'K 


EB 


KB .iBK 


; but B1‘ = KK -f Bh: 


f AVa.^un; Since h'lvEB AIvKD - AK*, AK = n'EE-BE -= \^(BF -- BE) BE, 2AF: 
or AD 2 x'(BF — Bh.) BE. 

Reason: Siiuc AC^ AE- + V.CX, EC - v'aC ' BE = BC — EC = BC— 

Bh' /be AD' BF — — AD; 




II, MENSURATION OF SURFACES. 
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Example : The chord of an arc is 4 chains, and the diameter of the circle 
5 chains; required the; heiehl of the are. 

Height of arc = 9 _ 




7. Given AD, DF\ rcqniVcil AB. 

Formula-. = 

2 

hxamplt -: The eliord of an arc is 40 links, and tlie diameter of the circle is 
50 links ; ri’quired the chord of half the are. 

Chord of half ) - 50 J — 40'^ _n/2,500—50 

tho arc. ) 2 2 

— \/ 2,500 — 50 ^ 90o__ x/ 2.500 — 50 X 30 y/ 2,500 — 1,500 


sj 1,000 


= V 500 = 22*36 links. 


S. Given AD, BF; required AD. 

Formula AD = 13 F-* —'A 13 -*.t 

Example: The chord of half the arc is 7*2 poles, and the diameter of the 
circle 48 poles ; find the chord of the are. 

Chord of the arc = “ ^ ^ 2 j = 0-3X J 2,304 — 5r84= 

40 

0‘3 X .y 2,252-16 = 0-3 X 47-46 = 14-24 poles. 

9. Given AD, AB ; required BF. 

P'ormula : 13 F = _ t 

V4An'^ --■Air-' 

Example-. The chord of an arc and the chord of h.alf the arc are 36 and 
19-5 fathoms re.spcetively; find the diameter of the circle. 

Diameter^-,- ^ , 2X380*25 ^_..__7Co-5 

>0X19-5“ — 3O* V4X380-25 -I ,296 (s/ 1,521 — 1,296 

_ 7 * 5 o 5 ^ 760 5 ^ fathoms. 

J 225 15 

20. Table of the Radii of inscribed and circumscribed circles, and of the 
sides of Polygons. 

S = Side of Polygon. 

R — Radius of circinnseribcd circle. 
r ^ Radius of inscribed circle. 


Ol3.SKKV\TI()XS. 


♦ Reason : .Since AC* AK*-f KC= n'A( ' — AK*. but BP: ^HC —bX^BC — VaC^^AE* • 

ngain .since Alf' AE’ + Eli ', Alt -- VaE'- 1 EIU s^AE’ + (RC T^/AC' — AE9> ; 

\/AE“"+ liC''”+ AC-^ — AE-^ - jllC ^/•aC'^' ;\e 5 - v' Va’c^' AE* 

AB* 

t Reason : Since Fli ltE - Alt^ LtE and since AB’ --- AE’ + EB’„-.AE=s- ,,TaIiJ-^HE’ 

/ All’ - / Alt-' (BF-’-^AB-’) AB _ 

"V BF’ ^ V -BF’ ■ "BE d Rl*” — AB»; hence zAE or AD 

_ :jAB,yiufj _"alV’". 

■■ Bl-' 

t Reason : Since AB’ = AE’ + EB’, BE n/7^-» _ aE’ ; again since EB'BE — AB’, 
. AB' Alt’ AB’ _ AB’ 2AB' 


RE ■■ ,,/AB‘ — AE’ - 


t’=^AB’ —AD' Jv'. 


4AB’ —AD’ s'dAB’ —Ad^‘ 
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Name. 

XuintKT 
ot sidt e 

i 

Interior 

anylo. 

S K X 

S - -- r X 

\i : S X i 

r - .S X 

Triejnn 

' ' 

6.) 

J ‘7 

m<‘ 4 i 

•> '774 

(>■..'887 

T( tray on 

4 


C 4 ' 4 -’ 

,’■« M M II ) 

n-yi.;! , 

O’Ci 100 

Pentagon 

s 

i<<S 

j‘i 7SS 

rd-;o 

(r8a>7 

(>‘(>882 

Ilexayon 

<> 

1 JO 

](HUM) 

i-jh; 

]‘(lllllO { 

()S6(u) 

Ilcptayon 

7 

1 .S! 

0SO7S 

<)•()() 

ei --4 . 

T‘0383 

Octoyon 

s 

j es 

“ /f'r'S 

(•S,8I 


1 Vo/I 

Nonayon 

[) 

1 |(; 


nyi-So 

i' 4 <ii‘) 

i-S 7^7 

Decay on 

... 

J t 4 

n (0 Si > 

<»■() }{)S 

r(ij 80 

C.S3BS 

IJndccayon ... 

11 

U 7 .\ 

0 j. 

o-sS 73 

1-7717 

] ‘7028 

Duodec.'iyon 

.... 12 

150 

i}‘ 5 i 7U 

‘'■fS-d 

cudia ; 

rS0()u 

____ 
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POLYGONS. 

21. To find the side of a poiv^nvij Hie radius of the circumscribing 

or inscribed circle beiii^ given ; and vict' versa. 

Rule ; Multiply tlu* given qiiaiility by llie tabular rauius or side {sec Art. 20), 
as the ('ase requires. 

Example: Find th(‘ sicY of a p(‘nK'U^^on. (a) wIk'H iIk* radius of thi* eireiiin- 
scribini,^ circle is (S, [b) when the radius ol the inscribed circh'is ;; ; also, wlieii 
the side of a triton is 10, lind the radii ol tlu* circuniscribiih.:; and inscribed t'ircles, 
S S X 1-1755 = 9'4'H^T (•/)• 

S 3 X *'45d>0 - 4-50c)S, (/y), 

K = 10 X 0 5774 5774^^ 

r = IQ X 0 2887 ^ -’8870. 


ARCS. 

22. To fnd the length of art arc oh a cirdCy ‘when the number of degrees in 
the angle subtended bv if at the centre of the circle is given. 

Rule: As 360 de^rcMss is to \hv number of d(‘^ree.s in tla* anel(\ so is th(! 
circumference of the lari'le to the length ol the arc requinsl. 

Example: I'Ik' circuniferenc(‘ r)[ a circle is 2.[ ineh('>, and the aiud(‘ sub¬ 
tended by the arc at the cditn' is 54 decrees; lind the len;L;th <4 th(‘ are. 

As 360'’; 54*': : 24 inches : length of an' in inches, l(*nq;th of an' 

' _ 54 X 2^ _ 18 ‘ 


360 


5 


== 3-6 inche 


23. To find the number of degrees in the angle subtended by the arc at the 
centre of a circle, when the length of the arc is given. 

Rule: As the circuinh'reuce of the ('in'h* is to th(‘ lenij^tli of the arc, so is 
360 de^Tc'es to the requinal number of dejj^rees in the aiii^le. 

Example: 44ie eircumfereiu'e of a circle is 250 feet, and the length of the 
arc 40 fi'et ; find the number of decrees contained in the anr;le subtendi'd by th(^ 
arc at the centn'. 

As 250 feet ; 40 leet : : the required number of di‘i:rn‘('S in the an£,de, 

• , , 40 X -88 

. . required ani^k' — ^ - ^7 -jO 

250 5 ' ^ 

24. To find the length of an arc of a circle^ the chord of the whole arc and 
the chord of half the arc being givi n. (h'i,!^. 20 j..) 

Rule: hrom t'ighl times the ('hord of half tlu* arc siilitract the c'hord of the 
whol('arc, and divide thi' remainder by 3 ; llu'quotient will be the length of the 
arc nearly. 


DHM 10 \ I 1 ()\. 

To /iniI tJif’ ihamcicr of n circle, ici’cn /hoc irc ejeen 0) the chord of half fhc ore and the Inil^Jit of 
the secernent, {ii) the rlioid of the ivholc art and ihc hnykt of the scyment. and {Hi) fhc chord of fhe 'ivhole 
nrc and the chord of half the arc. 

Rule\ For (/) ilivulr iho Mjti.'iio ol tho dioul ..t li.ilt lln- .in l.\ ihi'hol-lil ; iho squaio of (ho 

wholo chord dividi'd by tour times the hci-Iit. .uld t!io hoi-ht; anil \iii \ divido Iwico the squ.iri* ot the 
chord of ImU the nrc by the mum re root of the dllTorcnco of the square of the whole chord taken from four 
times the square of the chord of half the nrr. 
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Example : The rhonlof iIk' whol(' miv, or AH, is 32 inclu's, and th(‘ chord 

of half the arc, or Al), 20 inches ; lind the length of the arc. 

T r 8 X 20 —:;2 i6t)— V- 2*1 

Leni;ili ol rirc = m-= A2i inch(\s. 

3 3 3 

KM.IPSKS. 

25. To find the 'iroinnUn-cnce of an cllips,\ ihc ax<'S h> ing green. 

Rule : Multipiv half the sum cd t!u‘ axes hy ' 

Example-. Whal is lh(' ('inaimferciu'c of an (Tipsi' whosi' axes are 8 and 12? 

22 22 220 

- o) X — == 3i’43- 

7 11 


Circuintereiice ^ ^ X 


AREAS. 


:6. SouARi' Mf.asi RF. -The scjuare ineasun's coi-nmonly used arc as fol¬ 
lows, nanud}- - 

144 scjiiare inc'hc's ... ... — i square fool. 

9 square' feet ... ... — l square yard. 

484 square yards, or .1,456 scjuare ftu 1 ... — i square'chain (Gunter’s). 

lo square; e hains, or 4,840 scjuart' yards... i acre*. 

640 ae're's ... ... ... -rrr I square' mile'. 

Tile following!; is a table* ed square iiie'asuref : 

Sq. In. Sq. Lk. 

62726 ^ I Sq. iM. 

144- 2 ;96 — I Sq. Yd. 


1,296= 2 o '()6 i 

627,264 = ie:),ooo 

6,2 7 2 . 6 q (.) = I C)( ), oc'ea 

4,(21 4,489,600 =64 ,(.)0(),()(.)0 


9 — I Sq. Ch. 

4,356 = 4^4 = I Ac. 

‘I 3 . 5 ^>^> 4 e 84 ‘-) = 10 = [ Sq.Ml. 

7,878,400 = 3,097,600 = 6,400 =640 = I. 


triangi.es. 

27. To fad the area of a (n'ani^drj the base and perpendicular height being 
given.] (bli*-. 155.) 

Rule: iMiiltlply the- base- by the pe-ijieMieTailar hei.qht, and divide the product 

by 2. 

Example : 'The base- AC of a triane;ie- 1 ]AC {see V'\g. 155) is 9, and the perpen¬ 
dicular he;ii^dit lil) 7 ; find its are-a. 


Area = ^ 7 ^ 


31’ 5 - 


28. To f nd the area ol a triangle, the three sides being given, (Fiir. 60.) 
Rule : From half the* sum of the* thre-e- side.-s subtract e-ach side* se-pa'rately • 
next multiply teiij^e-lhe-r the- thre-e- re-mainders and the- half sum, and e;xtract the 
square- root of the- preidiu't 

Example: The- sides eel a triani^de- AI>, I)C, and CA {see Fig. 60) are 26 
28, and 30 respee 4 ivi_-ly ; Jind the-are-a. 

Half sum of suie-s = — ^2 ; 

area = V 42 X (42 .:()) X (12 - 2<S) x (42 - 30) 

- 42 X K) X 14 X 12 - s/ iu.St/r = 336. 


OHM H V \'l IONS. 

* l\loi(‘(_'orrc(ll\': S'Hi'nv 

t l-'or :i complitc lal.Io ol mju.ik- fiiraMiu-, wv 'F.iMi- l..\I of llio “ ( alL’uI.itini^ 'Fables” (5th edition). 

'Fbe ar;e is lli(* aticpled unit ot Mjiiare iik a-iir-* »\( rwxliLH-, lx in^ „i<ist toiua'nient paiticle of land 
mea-^ure tor art'a eal( iilal MU'-, .iiid h.is fi\'dliv • laliitr lo < ore Ft ol lem Mjnaie pen lies. It is equal to 
a square whose ^idc i^ Ijoj, loielidM ubils ikmiI v, oi .iboel Sg Ibirme'-r p.^e.-, iilu- ordinaiy pace hnng’.qo 
iiK hes in length ] ; i( :ilso ((]uals Imk'. ot a ( imil( i's diain.or ’0S71 leel, (w about 70 Fnj^lish paces 

ot S<6ni lies. '^\^»» .'ind a hall ar n- woiild 1).'cijinl r • a nju.ire plot w ilhun 4 ( hain sides, .-md Ifio Uiiimesc 
paces ‘-qn;ii-(' lor, in Hiiiuia, llic •'paceoi eiouiid that would be lovm.d by a basket of paddy-seed sown 
broaika^ll would e(j;ial about i’ ai le. 

I To find the base, the iircn and I'crpendicular height being given. Rule: Divide the area by half the 
perpendicular height. 

To find the perpendicular height, Ihe area and base being given. Rule: Divide the area by half the 
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quadrilaterals. 


29. To find the nrco of a square, the side or diagonal being given* 

• Multiply Hk' siae by itsi'lf, or lako Iialf the square of the dia-oral. 
Exam fie-. ImikI the area of a square whose side A15 is 0 or clia|ronal 
AC, = G Ji. {See Fi,q. 9^^) 

Area = 6 X 6 = 3^> 1 


6 V 2 X 6 V 2 
or an'.'i = - - 

o 



n 


= 3 ^^- 


30. To find the nrea of a rectangle, the sides being givenfi (Fig. 97.) 

Rule : Multiply the length by the breadth. 

Example-. Tlie length of a'rectangle AI 5 CD {see Fig. 97) is 18 and the 
breadth 8 ; find its area. 

Area = i8 X 8 — I 44 - 

31. To find the area of a [nirallelo^rtim, the base and ferpeudiculan height 

being given. \ (Fi^. 208.) 

J\ule\ Multiply the basi^ by the perpendicular h(ii;ht. 

Example'. Iniid the an a of a paralleloi;Tain AIF/D Fio. :o8) whose 
length DC is 88, and its altitiu’e Al{, 9. 

Area = 88 X 9 = 792. 

32. To find the a^ea of a trapezoid, the paralld sides and the per- 
pendicnlar distance be/iccen them being given.^ (l^ig. 209.) 

En/e: Multiply half the sum of the paralhd sides by tlu' p(Tp(*n(!icular 
distanc'e. 

Example'. What is the area of the trapivoid AIJCD {see iMg. 209), th(j 
parallel sides AD, DC, being 16 and 18, and tin* pcTpendieular distancfj l)E, 
being 7 ? 

Area = X 7 = X 7 = 17 X 7 = 119. 


33. To fiend the area ofia trapezium^ the diagonal and the ptrpendiculars 
on it from the opposite angles being give )i.\\ (I 9 ’g. 211.) 

Rule: Multiply the (liagonal by half tin* sum of the perpendieiilars. 

Example \ Fin* diagonal DD ol a trapezium ADCD (.scu Fig. 211) is 64, and 
the perpendiculars AE, CF, are 14 and 6 ; find its ar(‘a. 


Area = 64 X 


14 + 6 

o 


= 640. 


OBSLRV \'I IONS. 

♦ To find {Jie side or diot^onol, iho area hrinpf inven RhIk: Vor tho sido, extract the square root of 
the area ; lt»r the diai^oii.il, exlr.icl the .sijiiare n.Kit nl double the area. 

t To find the length or breadth, the area being given. Ride: Divide the area by the i;iven 

side. 

To find the dingonal, the length and breadth being given. Rule ; Kxlract the square root of the sum 
of the s(ju;ires of the j^iven sides {-lee Art, i.^j. 

X 'Jo find the base, the area and perpendicular being ^iven. Rule: Divide the area by the per¬ 
pendicular. 

'll) find the fcrpendicular, the area and base being given. Rule, Divide the area by the 

base. 

§ lofnd the perpendicular distance, the area and parallel sides being given. Rule: Divide double 
the area by the sum of the par.illel ^ides. 

1 I parallel side<i, the area andperpendicuLir distance being given. Rule : Divide 

double the area by the perpeiulicular distance. 

II To/iiul the diagonal, Ike ana and i’crfenJlculars being pivm. Rule-. Divide double the area by 
the sum ol the perpendu ulars. 

area by the d(agonaT^* perpendiculars, the area and diagonal being given. Rule : Divide double the 
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IF. MENSTRATFON 0I< SIJlU'Ari'S. 

POLYGONS. 

Table of the Areas o' R i^uhir Polypous. 

S sid(‘ (jf l\.)h’i*on. 


N \ M I . 


Triirori 
'1 ctrni^on 
] 

i Icx-'ii;' III 
1 li |il.iiM)n 

( 

Nori.'ii; on 
nccouim 

rmlfc.iLOin 

Duoduc.ojon 




[ 

b 

/ 

<) 

m 

I I 
j j 


Iiiteric ir 
.'iiii'le. 

Aki \ - S* X 

(> .' 

i>a.MO 

OO 

i J ■( •( )( )( > 

ji.S 


1 JO 

; ^ 81 

1 . S' 


J , . 

, 

1 p. 

1 t.aSiS 

' 1 1 

; ro\z 

^ -r / 1 1 

0* 

I 

ll'Hjbz 


3 v To find tlh‘ area of a rcy^ular poJy^oti^ ,/ silc hciir: i^ivrnA 36.) 

Pule : iMiilliply tlic -qiiriK* of ll c Adr liy tl c lal aic.i droni Art. p| j. 

Txaaiplc'. I Ik* side AM( (Add I'l.'y 3^)) ol a Iioxaa.Miii is y ; wlial is tlio 
area ? 

Area — 7- X 2 R)>^\ = 

36. To find ihc area 0/ foiy in ci^iilar p(d\ t^oiL (Ide;. -m «.) 

Rule: l)l\ide it into ('onveniciU Iriani.los aiul tjiiadiil.tlcraP, and take tlic 
sum of tlieir sevi'ral areas. 

RxiJOiple: land till'aiea of tlu‘ ina'inilar |)olviM»n APODk! {see Fio-. 2121 
wliicdi has AU — 3, JtC tS. 01 ) 1- (>, 1 )]-; i- (y lOV 3, lll^ z. 7, and HI) 


= L 3 - 


Ar(‘a of Irianide AFJ^ — (d^o (^ny Ail. 2S). 

Do. l»Dh. -- 20'03 do. 

Do. lU D “■ I()(u) do. 

Ar(‘a of ])olye[on = ()'3o + 2() ()3 -}- i()f)Q -- 53’i4. 


CIRCLFS. 

37. To fin I the area of a circle, /he diamrlei' heini^ riecnr\ (laya 4S.) 
Riih'\ Mnllij)lv the squaia* ol llu* diameter hv 1 l- I 

h^x.unpie-. land tlie aiea ol a laii'Ie .AIK \\ {see lae. 4*^) 'vho-.e diametiT 
EBis<S. 

. ^ J * 2,^2 

Area =: S’- X — ’ ‘ " S<>' 20 . 

3S. To find fhe duuneler of a lircfc, /he area Inini^ iprrenA (hiya 48.) 
Rule-. Muitipl}' the area hy }L!i and exiraet tl.e sqiiaie root of the 
prodiK't. 

ExanipJc'. 1 he area of a ('irele AIKK^^ {sec I'iiy 48) is 3,927; find its 
diameter FIL 

Diameter = J 3,^27 X 1 f ~ 4,99''^ — 707. 


OBS'.IO N f IONS. 

* To findUic side, the area hdids'en. Rule ; Dixide Iho _tdv«'n nrc.i by tlic tnbulnr arc.i (from Art. 
'^4), .af'd f'Xtr'^ct the sqiir.rc mot ol tbo qnot'ont. 

t '/'o find (hr area, the einr. nifeter.ce hci i.y; f^iven. Rule : Mii’tiply the square of the (drcumfcrencc by 

Ve /iitd the are /, tlir diaiactrr and circa nferenee hedix n'l'cn. Rule : Multiply b.ilf the circumference 
by bait the diaineler. 

;j; dorc ( ori'i (tly : o'7,V;;< 8. 

§ To find t> r cm innfreiice, the area hein^ y.'Ven. Rule : .Multip’y the are i by y .anti extract the 
square root of the product. 

II More correctly : jx;73J4o. 

(fl) More correctly : 0-07^577. | ib) More correctly ; K'‘50637I. 


3 






AID TO l.AND-SrRVDVINC. 


SKCTORS AND SEGMKXTS. 

39. Jo find {he ai ei of 0 sec/or of a circle, the A ih of the arc and radius 
heincr Piven* (Fi^. 2i().) 

^Rute : Multiply half the len-lh of the arc by the radius. _ 

Example -. Thc'lcnpth of the aic ADC of a circle (.see Fiij. 216) i.s 25, and 
the radius Al), 35 ; requin d the area of the .•sector Ah(Ah 

Area ^ X 35 4 .? 7 ' 5 - 

o 

40 . lo fnd fhc ■irett of the segment of a circle, the area of the sector and 
the ctrcd. of the tno/ii^de loruicd by the doo'd 0/ the ,se^r’/i' 111 mid the rouii of the 
circle^ bevn^r itiveuA (Vv^. 204.) 

Rule : Suhdart thr area ot tlic tiiaii'^lc from \hc an.M oj the sector. 

lixmiiflc: hind the area ol t]i<A ‘-'eiMuciit A])( oi a ciulc/ [stc J 11^. 204), 
having given tlic eliord AC — i-, and lli(‘ height Cl*. ~ g. 

Now Al) — ^/ AlC- + Klh' == J 0’ + y == n/ 36 + 9 ~ V 45 
6-708 > (see Art. 13). 

and T)!'" — |>|; + l*»hi — ^ + 3 — \ ”1" d “ CS ^ 19), 

^ S X AH AC S X 6-7082 —12 ___ 
and length of are AIU. — ^ ^ 

53;665h---i2^^4rOo3^>^^^g3g.(,,^^^ 24)" 


/. area of se('tor AHCI.) 


l{‘ngth of ar(' 


XAO- IS 


208-3275 


-•r: 52-082 (,s‘tr Art. 39) ; 


again Dj{ — DH • Cl) r- 7 5 - - 3 ^ 4 5, 
ao'aof triangle— ^ - X *1 8^-27 (.wArt.27); 

/. an'aof .segment area of siaMor - - area of triangh^ rz 52*082— 
27 = 25 'o82. 


LCXICS. 

41. To fuul the area of a hinc the areas of the tivo segments ufon the 
common chord formin'^ the I tine bein^ ^iven, (h’ig. 215.) 

Rule ; Subtract tlie area of tla* l(‘'>'>cr sfginrnt Iroin that of the greater. 
Example ; The length of chord y\C — .\o, the height CD — 4, and the 
height KB — 12 ; what is th(‘ area of the kmc AI)CJ )A {m'o log. 215) ? 

Area of segment AHClCA = (BK X AC) + — Al (12 X 40) 

3 2AC. 3 

+ - X 480 + ^ 341'6 {see Note to 

2 X 40 3 ^ 80 5 

Art. 40), 

and area of segment ADCEA = -- (Dli X AC) X - " (4 X 40) 

3 2AC 3 

■^2^xV 3 ^ si “ 

are.'i of lunc AI!('i)A = anvi of ABCF'A —• area of ADCKA = 34r6 
— 107-47 =23.^13, 


OBvI.KV AJ ION'S. 

* To find fhr 0 red, the number of dcifnes in the nir of the sector utvf the area of the rirde beinp^ given. 

Rule: MuUiply tli(' ac^riis in ilu- an by llu' ati-.i ot the linU-, and dividi' the product by 3(»o 
deqrccs 

To fnd the area of the eircle. the area of the sector and the number of degrees in its arc bcinp giv'n. 

Rule: Multiply tic area ot the sixtor by 3(10 (.l.^rees, and divide the product by the dc-grees in 
the arc. 

t To find the area, the heiffht of the sci^ment and fj.e chord of the arc being f>iven. Rule: To two- 
ihirds of the product of the height into the chord adtl tlic cube ot the height divided by twice the chord. 





II. MI'NSUR.VTION OK SrRF.\CKS 
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EIJ.IPSKS. 

42. I'o find (ire i of nn ellipse, f/ie irnnsversc and conjugate diameters 
bi vi^ n. (M^-. 117.) 

I\ti!c\ Multiply tht' ])nuhu'( of tin* (wo diaincloiN by ^ V* 

: bind thr aiva (d an olhp-.r (i', 117) whose transverse dia¬ 

meter AP) is 7, and conjiuRiU^ diaiiH’tor ('!), 17. 

A 11 1S7 

Aru;i -7X17X1^==—-= 93-5, 

Cl RVII.IXKALS. 

43. To find I Ilf areo of nnv cnrvi.'infi// f^nro, thj lengths of the ordinates 
and coininoii disionce heiiiff giern. (1‘iiy eot).) 

Rule: Add loyclhor tlio lirst ordinal', (lio last ordinate, twi('(‘ the sum of all 
lh(‘ othi'i' (xld ordinah'S, and lour times llio Mini of all tin* othrr t'vi'U ordinates ; 
and mulliplv the roMill by one-third of the common distance between two 
adjaei'iit ordinates. 

Rxiiinple: h'md the area of tiie liyiire AlUX* {see Pig. 206), having 
the ordinates of the following lengths; Al> r:: 4,// nr 6 , i^h nr 8, /■/ 10, 

mil ~ 14, e/ i:, ijr — 9, i 7 nr 7, (.'!) rz 5; and the common distance 
betwi'en them 0. 

Ar(.;i= |( 4 + 5 ) + ^ (<‘^+ 1 , 3+9 + 4(6+10+12 + 7) | X ^ 

= (94-60+140) X 2 = 209X2 = 418. 


Cl I APT KR III. 

Plane Trigonometry. 

DPI-'lMTiONS. 

1. Pi.ANit d'RKlo.\()M^/l'R^’. —yV^//c yV/^'-m/ewc/yP)' treats of the relations 
and calculations of the ^ides and angles ol pi. me triangles. 

2. 1 P\K' 1 'S or A I Rl.VNi.i.K. -1 he parts of are its three sides 

and its three angl(‘s ; and wIuti an) three of tlucsi' parts are giviai, except th(‘se 
be the three angles, the oihetM can be loiind by (Mh ulation. 

py d'Ri(-()N (.)\:k i'iU( Ai. kA'rio.s— '\'\v' ti iffinoinctrical ratios id an angle 
are eeitain ri'lalions which t \ist belwi'in certain lines of a right-angled triangle 
connected with the angle, upon whii'h prineipl(‘s the cahailations an^ founded. 
Tlu')' art' thi‘ siUi\ co-sine, taiiaen/, co-lanpenl, setani, co-secant, rersed si7ie,\ and 
co-versed sine\ of that angh'. 

4. (A).\li’ia*:Mi M'.— '\l\\o coinplenient (d an angle is its difference from a 
right angle or 90 ’. 

5. St iMa.KMl'.N'L'. — The i7//’/>/c/y/e//M)( an angle is its difference from two 
right angles or 180°. 

TRIGONOMETRICAL RATIOS. 

6. Ra'I'IOS ok AiNr-LivS A and C. (Fig^. 154). l,et ADC be any right- 
angled triangle having the right angle at IT of wdiich CD or a is the perpendicular, 
AD or c the base, and AC or b the hypotenuse, and DAC or A, ACD or C, 


OllsI.iO \ 1 1(0 8. 

* Moiv ouTcctly : 

“ ■ t 1 hu Itniis Vi'rW ifwtf and (lorvursed .sine are scarcely ever used; huncp nu alluskin is made to Ibcm 
hereafter. 
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AH) TO I.AND-SURVKYING. 


('[^A or I», its thr(‘( ani^lrs ri‘^]}i‘(‘li\vly.'*■ Tlicii tlu; followinijj an^ tlie trigonome- 
triral ratios of the ao^lo A :— 


, is c.ilk-d th<‘ sine of the anijlo A ; 

Hypo lean sc 
btise 


(I pi rpendiculai 
^,or/. / 

c 

b ’ ” 

a 
c ’ 


hypo I I in sc 
pel pcndicnlar 
base 
base 

perp ndiciihiir' 
hypolennse__ 
base 

/n'p(dcnnsc 

perpcndiciiiar 


CO-SI no 
tangent 


co-tangent 


secant 

co-secant 


Also, iho trigonoiiiclriral ratios nf tin* angle* C will br as follows 

c perp udicu'ar • i, ,• r . i 
, , , , IS railed the siiu* of the aii^k* C 

hypoh nifse ^ 


b 

/ i 

a bas' 

b' ” liyp)/rnnsc 
c perpendicular 
a base 

a U ISC 

r ’ ” per pend} cilia r 


CO-sine 


tangent 


co-tangent ,, 
secant ,, 
cosecant ,, 


// vpoten use 
a' " base 

b Iiypofennsr 

c ’ ” p rpendiciiiar 

7. l)i:i'IM'I loxs Ai;r.Ki;\'iATiU 3 .—The above dofiiiitions ava usually abbre- 
viatc'd and written lliiis :— 

n 

b ^ 
a 

c ^ 

b 

c' 

8. Angles A ani'i 11 in terms of i-agh other— From (Art. 7) it will 
be seen that— 


II 

< 

cos. A=; g 

sin.C- g 

cos. C n 

tan. An 

c 

cof. Atz] 

t,;u. C - g 

a ’ 

cot. Cn 

sec. A- , 

> 

II 

sec. , 

a ’ 

coscc. C — 


sin. A“ 


cos. C 


tan. A-' = col. C ; 

c ’ 


sec. A = 


coscc. C 


cos. ^sin. C 

cot. A~- —fan.C 

a 

A 

cosi'c. A= ^sec. L 
a 


and vi'C versa ; also tlie angle A is the roinplenient of the angle C, awAvice versd. 
1 b'lKa* ; 

the sine* of an angje* ™the e'osine of its roinple*me*nt, or sin. A=-ros. (90°—A), 

t'tnitrnt i-r .. e'o-tange-nt ,, ,, tan. A = rot. (90^—A), 

ea>-s»’eaint ,, ,, se^r. A--rose0.(90'^—A), 

sine- ,, ,, cos. A = sin. (90°—A), 

laniant ,, e'ot.A=tan. (90'^—A), 

see'ant 


secant 

re)-sine‘ 

co-tangynt 

ce)-see\int 


,, ,,COse'e:.A~sec. (90^^ —A). 

9. Ratios (’iiangi*: wriii ANe;i.i-. (Fig. 152.) So long as the angle 
remains uiiedianLed. the* trigeinonie.lriral ratios continue the same ; for instance, 


Olisl.m \lln\. 


^ to e-xpross an angl * of any ri)^lil-.aii>;lc(I Irianglo. in Icrni'i of its sidc.s. the side ndjm'ani to the given 
angle is assumed ns the and the side fippoiift to the given angle as the p^rptmticuhir, .‘ 
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Ain TO LAND-SURVFATNG. 


14. Angles oj iho second qnodrant. (Fi^. 493.) L(?t the? angle CAP be 
called A; draw PM' parallel to I 3 B'; then the angle BAP = 90"^ + A. 

Now, as in (Art. 12), 

PM' AM' 

sin. (90 +A) = sin. BAP = ”~AP ~ 

AM PM' .. . 

An - 


COS. (90" +A) eo'<. ,, 
tan. (9(:P +A) — tan. ,, 


AP A 1 
.PM _ AM' 
AM I'M 


= rot. A, 


can . _AM PM 

cot. (90 +Aj — eot. ,, — = tan. A, 

^ .. _AP AP . 

see. (90 +A) — M (. ,, —-YXJ =* p^|/ = eo.sec. A, 

AP AP 

coscc. (90°+A) = cosec. „ = = see. A. 

15. Angles 0/ the ihird quiidrnnt. (I'ig. 494.) Let tlie angle B'AP be 
called A ; then (lie angle L 5 AP = 180'’ + A. 


PM 


Now, as in (Art. 12), 

.sin. (iSo°4 -A) = .sin. B'AP = 

cos. (180''+.A) = cos. ,, = 

tan. (ifio^+A) = tan. 

cot. (180” +A) = cot. 


- _ A 

AP 

- A.\l = """• 
PM 


sec. (iSo^+A) = .sec. 


AP 

AM 

AP 


=: sec. A, 


cosec.(180° +A) = cosec. ,, = cosec. A. 

16. Angles of the fourth quadrant. (Fig. 495.) Let the angle C'AP be 
called A; draw PAL parallel to BB'; then the angle BAP = 27o-fA. 

Now, as in (Art. 12), 


,sin. 


/ . , AA • PM) I’M AM' . 

(270 4-A) = .sin. I>A 1 - = cos. A, 


cos. (27 o" 4-A) = cos. ,, 
tan. (27 o“ + A) =r tan. ,, 


AP 

AM _ P.AP . , 

AP 

PM AM' , . 

, = cot. A, 


AM ' PM 

A\j p\\' 

cot. (27 o-’+A 7 := cot. „ = ^ = tan. A, 

■sec. (270"4-A) = sec. „ = = cosec. A, 

/rt^ 0 i A\ AP AP . 

cosec. (270 +A) = cosec. „ = = sec. A. 


PROPERTIES OF TRIANGLES. 

17. Problem I. In any triangle the sides are proportional to the sines of 
the opposite angles. (I'ig. 155.) JaI AiUi be a triangle, ha\ ing the three angles 
A, B, C ; calling the sides opposite to these angles respectively a, />, andc. Draw 
BD or jp perpendicular to AC. Then from the right-angled triangles ADD and 
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CBD, we have by (Art. 61 sin. A = , and sin. C = ; and dividing tlie former 

by the latter, wc have 

fi 

sin. ^ _ c __ a 
sin. C ~p c * 


similarly, 


1. A 


sin. L) ’ sin. C 


. sin. 1> 

, ‘ind . —- - 


that is, the sidt's are proportional to tlu' sines of the opposite angles. This rule 
holds (‘qually good for obtii.se-andi'd triangles, right-angled triangles, or acute- 
angled triangles. 

i n \ '' 1 B 

The above results mav be written svmmetrically thus : 

a b 

sin. C 
c 

iS. PROni.r:M II. In anv friani^‘Ic of ^.i'hlcli I'lco s/dcs md t>ic con¬ 
tained b-iweeji them are knoren^ the snni of the t7eo h/ioien shtes is to their differ¬ 
ence as the tangent of half the sum of tin' unkno:en aui^tes to I he tangeuf oj halj 
their difference, (big. 156.) Ld ABC be any IriangK^; then by (Art. 17) 
a sin. A , , , . u ji-\-h ^ 


lriangl(‘ 

A + sin. B__tan. .} (A+B)^' 


- , - . and algebraiea!lv/''^:3z^:"- f = 

b sin. B ' ' a —b sin. A — sm. B tan. (A —Bj 


SOLUTION OF RIGIIT.ANGLLI) TRIANGLFS. 

19. Four cases of Ri^irht-Auiijlid Triangles, (h'ig. 154.) Li't ABC be a 
right-angi(‘d triangle, having the righ; angle at B; tlaai one of its aeut(i angles 
being known, th(‘ oth(T ('an be lound by subtra('ting it from ()(.F. In tin* solution of 
a right-angl(-d triangle th(' following four ('.ases (M'cur, w hea* two of th(‘elenuaits 
are given and the otla'rs ('an b'e ('.ib'ul.ated out .— 

I si (.jiv(‘n tli(.' h\pot<-nus(‘ and an a('ut(' angkj; 

2 nd case, -Civi'n a .sick* and an a('iit(‘ angl(‘; 

case. —(ji\(‘n th(‘ b\polenuse and a sid(‘; 

.//// .—-Given tlu‘ two sides. 

20. Solution of the four cases. (Fig. 154.) Solvi' the four cases above 
given, as follows : - 

1 st case. -GWrn h and A. 

C- 90 ' — A ; 

By (Art. 7), =: sin. A,a = b. sin. A ; 

and J =: sin. C,c = b. sin. C. 
h 

2nd case.- Given c and C. 

A = 90° — A; 

By (.V..7 ),(-sin.C, .'.b^ 

and ^ = tan. C, a ~ 

a tan. C 

3rd case .—Given b and c. 

By (Art. 7}, sin. C = ^ ; A = 90° — C ; 

tl 

and " = CO.S. A, a = b. cos. A. 

b 


OHsfRV,\TI()\. 

* This result is obtained by rrrtnin rules of trip'^'nomrtry with which the student is not expected to be 
familiar. The above Chapter is designedly very elementary. 
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^ih case. —Givr-n a and c. 

By (Art. 7), Ian. (’ - ; A - 90' - C ; 


and 


1 ) 


sin. C, 



C‘ 


21. isf c~^se. 154.) Example \ Given liypohaiuso 13 — 482, and 

an<;lc A = 57'' 13'; lind tli(‘ n*st. 

C = 9(/ — A == 90' — 57' i.V — 

1)}' (Art. :o), a — b. sin. A, 

by loi^Garithins, Inj;-. a = I04. b + lo!^. sin. A r-: lot^^ b + L. sin. A — 10 
I04. 4SJ -b 1.. sin. 57° 13' — 10 

- 2 083 <j 47 + (r 924 r )54 — 10 

=: 2‘6(i770I = 405 2, 

.-.a - 405 2 
and (' = b. sin (', 

.'. by logs., log. (' zz log. 1) + log. sin. C. zz log. b + L. sin. C — 10 
= log. 4S2 + L. sin. 32'*’ 47' — lo 
-z 2i)S3( >47 + 07335(39 — 10 

— ■416616 log. 261 o, 

C zz: 2()| ■(). 


22. 211(1 case. (Fig-. 154.) Ilxampic'. Gi\cn side ('= .19, and angle C — 

13^51"; find the rfs(. 

A = 90" — C = gu" - I;Y' 5 '' = /C” 9': 

15 y (Art. 20), i) -- . ‘ 

^ Sin. (. 

3 . by logs., log. b log. (• - log. .sin, C ““ log. r - L. sin. C + 10 
-- log. 49 - I., -in. 13'’ 51' + 10 

Z-Z I 690196 - 9-379089 4- ]() 

zz 2-31 ! 107 z= log. 204-7, 

■ h - 204 7 ; 


.’.by logs., log. a =z log. c -- log. tan C. — log. r - L. tan. C + 10 
zz: log. 49 - !.. tan. + 10 

irz \ (>90196 — 9-391903 -b 10 
zz 2-'2 i)82()3 zz log. 198 8. 
a zz 198 8. 

23. ^rd case. (Fig. 15,1.) Example: Given hypt^iaiiiso b zz 5267, side 
C = 328*2, and angle 11 zz ()o‘'; llinl the rest. 

By (Art. 20), sin. C zz j , 

3. by logs., log. sin. (" zz log. c — log. b, 

L. sin, C zz u> + log. (' — log. 1) 

zz 10 4- log. 328-2 - log. 5267 
=z lu 4. 2-516139 - 2-721563 
= 9*76457^^ 1- ^”1- oS" 3-' 4i"i 

.•.C=z 38 ’ 3 ^^' 4 i'; 

A = 90” - C = 90 - 38'-' 32' 41" = 5B' . 7' 19"; 

.'ind a = b. cos. C, 

by logs., lor;, a =- log. b + log. cos. C -- log. b + I.. cos. C - lo 
“ log. 5.6’7 + 1.. cos. 38° 3 j' 41" - 10 
= 2721563 + 9893274 - 10 
= 2-614837 - log 411-9, 

_ .-.a =411-9. 

OBM 10 .\T10\. 

* For the use of lo^.'irithms, sec Chnptt r IV. 
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24. 4th case. (Fig. 154.) Example-. Given side a = 5,268'4, side c 
3 ' 95 ®’*> 3nd angle B = 90°; find the rest. 

By (Art. 20), tan. C = 

ti 

.".by logs., log. tan. C = log. c — log. a, 

L. tan. C = 10 -|- log. c — log. a 

= 10 + log. 3,950-- log. 5,268-4 
= 10 + 3596608 —3-721679 
= 9'874929 = fi'i'i- 36° 5 *' 4 «". 

.-. C = 36“’5l'4l"; 

A = 90° - C = 90° - 36“ 51' 4i" = 53° 08' 19"; 
and b = . 

sin. w 

.-. by logs., log. b = log. e — log. sin. C = log. c — L. sin. C. + 10 
= •‘■'K- 3.9.S^J ‘ — I'- sin. 36“ 51' 41" + 10 
= 3-596608 — 9-778065 -f 10 
= 3 '^''\S 43 - log- 6,584-8, 

.-. b = 6,584-8. 


SOLUTION OF OBLIQUE-ANGLED TRIANGLES. 

25. Four cases of Oblique-Angled Triangles. (Fig. 156.) Let ABC ‘be 
an oblique-angled triangle, of which if two .angles be known" the third can be 
found by substracting their sum from i8o'\ In the .solution of an oblique-angled 
triangle, the following four cast.-s occur, where three of the elements are given and 
the others calculated out;— 

1st case. —Given two anghes and a side ; 

2nd case. —Given two sides and the angle opposite to one of them; 

3rd case. —Given two sides and the included angle; 

4lh case. —Given the three sides. 

26. Solution of the four cases. (Fig. 156.) Solve the four cases above 
given as follows :— 

1st case. —Given A, C, and b. 

Rule : As the unknown side is to the known side, so is the sine of the angle 
opposite to the unknown side to tlie sine of the angle opposite the known side, 
(NccArt. 17.) 

B = 180" - (A -F C); 

By (Art. 17),^ = a = b. ^; 

I c Sin. C , sin, C 

and 1 ^, c — b, jj. 

2nd case. —Givi'n a, b, and B. 

Rule : As the side opposite the unknown anijle is to the side opposite the 
known angle, so is the simi of the unknown angle to the sine of the known angle, 
{See Art. 17.) 


/ A , \ a •‘sin. A 

By (Art. 17), b = sin.it- 


sin. A = b- sin. B: 


C = 180° - (A -F B); 


and I = 


.-. c = b.: 


3rd case. —Given a, c, and B. 

Rule: As the sum of the two known sides is to their difference, so is the 
tangent of half the sum of the unknown angles to the tangent of half their difference. 
Half the difference of the two angles thus found, added to half their sum, gives the 
greater; and taken from half their sum, gives the less. (5t'e Art. 18.) 

Now A + B -F C = 180°, A -F C = 180" - B; 

JU /A,. .C^ a + l.in. J(A + C) 

and by (Art. 18), — = tan. S(A^C)' 
tan. -I (A - C) = tan. ^ (A + C), whence I (A - C) is 
found. 


4 
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Again 1- (A -f C) -H ; (A - C) = gre.ator angle (A or C), 

and } (A + C) - I (A - C) = lesser angle (A or C). 

4th case .—Givon a, b, and c. 

Rule : Tlic of li.alf tbo unknown an^ln is equal to the square root 

of tbc following fraction, whose nunieralor is tlie prodiK'l of the dilferenees of each 
of its adjacent sides from hall the sum of tlie three sides, and whose denominator 

is the product of lialf the sum of the threes sides with the difference of its opposite 

side from half the sum of the three sides. 


* tan. A = s '"■lionce A is found ; 

tan. J-B = .. .. » > 

1 r' /*'’ ■'* C 

tan. 2 s (s — c) > ” " ” • 

27. ist case. (Fig. 156.) A'.vr7w/i7^; Ciivon .angle A = 65" 27', angle C = 

48'' 31', .and side b = 293 ; lind the rest. 

B = 180" - (A + C) = 180" - (65'’ 27' + 48° 31') = 180° - 113° 
58' = 66° 02'. 

By (Art. 26), a = b. J, 


by loejs., log. a = log. b + log. sin. A — log. sin. B 

= log. b + A — 10 — L. sin. B + lo 

= log. 293 + sin. 65^^ 27' — L. .sin. 66'’’ 02' 

:= 2*466868 + 9’95S85o — 9*960843 
= 2*464875 = log! 29V7, 

.-. a = 291*7; 


by logs., log, c = log. b 4 * log. sin. C ■— log. sin. B 

— log. b + L- sin. C — 10 — L. sin. B + 10 
= log. 293 + L. sin. 48"^ 31' — L. sin. 66® 02' 

— 2*466868 + 9*874568 — 9*960843 
= 2*380593 = log. 240*2 

c = 240*2. 

28. 2nd case. (Fig. 156.) Example: Given side a = 247, side b = 515, 
and angle B = 123'’ 36'; find the rest. 

By (Art. 26), sin. A ^ j^. sin. B, 

.*. by logs., log. sin. A = log. a + log. sin. 1^ — log. b 
L. sin. A = 10 + log. a + L. sin. B — 10 — log. b 
= log. 247 + L. sin. 123^^ 36' — log. 515 
2*392697 -F 9*920604 — 2*711807 
= 9*601494 = L. sin. 23° 32' 44", 

A = 23" 32' 44"; 

C = 180° — (A 4 - B) = 110° — (23° 32' 44" -f 123° 36') 
= 180°-.47” 08' 44" = 32” 5 ribb¬ 
and c = b. S 

Sin. 

by logs., log. c = log. b + log. sin. C — log. sin. B 

= log. b + L. sin. C — 10 — L. sin. B + 10 
~ log- 515 + L. sin. 32° 51' 16" — L. sin. 123® 36' 
2*711807 + 9734405 — 9*920604 
= 2*525608 = log. 335*4, 
c = 335 ‘ 4 - 

29. ^rdcase. (big. 156.) Example : Given side a = 423*8, side c = 330*1, 
and angle B = 49^ 03' 42'^; find the rest. 


OBSERVATION. 

* These results arc arrived at by the application of the niore advanced rules of trigonometry. 
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By (Art. 26), A + C = 180'’ - B = i&s'’ - 49° 03' 42"= 130°56' 18", 
and 

tan. HA-C)= tan. i(A4 -C), 

.'. by logs., log. tan. i- (A — C) 

= log. (a — c) + log. tan. J (A + C) — log. (a + c) 

L. tan. (A — C) 

= 10 + log. (a — c) -f L. tan. (A + C) — 10 — log. 
(a + r) 

= (423 S — 350'>) + B. tan. Jr (130° 56' 18") — log. 

(423'S + 3.Soi) 

= log. 73'7 + I., tan. 63" 28' 09" — log. 773'9 
■= 1867467 + io'34a677 — 2888685 
= 9 319459 = B. tan. 11° 47' 12", 

.•.^•(A-C)= i.° 47 'i 2". 

Again, by (Art. 26), grc'ator angle (or A) = J (A + C) + 2 (A — C) 
= 65° 28' 09" -f- 11° 47' 12" = 77° 15' 21", 
and lesser angle (or C) — i (A + C) — i- (A — C) 

= 65° 28' 09" - 47' 12" = 53° 40' 57". 

Next, by (Art. 26), b = c. *‘" c’ 

by logs., log. b = log. c + log. sin. B — log. sin. C 

= b\g- <' + B. sin. B — 10 — I., sin. C + lo 
= 35^-^* I + L.^in. 49° 03' 42" — L. sin. 53''40' 57" 

= 2*544192 + 9*87(SiS 6 — 9*906199 
= 2*516179 = log. 328*2, 

1) = 328*2. 

30. 4 t/i rase. (Fig. 156.) Example-. Given side a = 222, side b = 318, 
and side c == 406; find the rest. 

Now s (or half the sum of the threi^ sides) = ^ ^ = 

473, 

and s ““ a = 473 — 222 — 251, 

s -- b = 473 - 318 = 155, 

s — c = 473 — 406 = 67. 

Then, by (Art. 26), tan. J A— - bjis^o _ 

s (h —;ij ^ 473 X 25B 

.-. by logs., log. tan. A = J- (log. 155 + log. 67 - log. 473 - log. 

25O1 

and L. tan. -J- A = 10 -f -J- (log. 155 + log. 67 — log. 473 — log. 251) 
= 10 + (2-190332 + 1-826075 ~ 2-674861 — 

2‘.399674)_ 

= 10 + .i' X 2-941872 = 10 + "-470936 
= 9-470936 = 1.. tan. 16° 28' 34", 

.-. A = 16° 28' 34", and A — 32'’ 57' 08". 

Again, tan. J B = ij {^'TiFi's — u'l _ »J. 

s (s — b) “ .V 7 S X I 5 ,s’ 

.-. by logs., log. tan. ^ B = | log. 251 4- log. 67 — log. 473 — log. 155), 

and L. tan. J- H = 10 + a' (If’.iJ- 251 + log. 67 — log. 473 — log. 155) 

= 10 4 « (2 399674 + 1-826075 — 2-674861 — 

2-190332) 

= 10 + -3- X r-360556 = 10 + 7-680278 
= 9 680278 = 1^. tan. 25° 35' 29", 

.-. A B = 25° 35' 29", and B = 51° to' 58". 

Again, tan. ^ C = — (s —b) _ '55, 

s (s — c) ~ 4 X 3 X 67 
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by loijs., log. Ian. } C = (log. 251 + log. 155 — log. 473 — 67), 
and L. tan. C = 10 + J (log. 251 + log. 155 — log. 473 — 

log. 67) 

= 10 + i (2-399674 + 2‘190332 — 2-674861 
— 1*826075) 

= 10 + X 0-089070 10 + 0-044535 

= 10-044535 = L. tan. 47° 55' 57", 

} C = 4f 55' 57", C - 95 ^ 5 ^' 54 " * 
arp:as of triangles. 

31. Problem I. To find the area of a triangle, having given two sides 
and the included angle. (Fig. 155.) 

Rule : Multiply half the product of the two sides by the sine of the included 
angle. 

For, let ABC be any triangle, and BD the perpendicular from B on the base 
AC. 

Then, by (Chap. II, Art. 27), the area = \ AC. BD; and by (Art. 7), 
BD 

== .sin. BAC, 

BD = AB. sin. BAC ; 

thus, the area = } AC. AB. sin. BAC or } b. c. sin. A. 

32. Example', (hig. 155.) Given side b ^ 28, side c =- 36, and angle 
A = 63^ 47'; find the area of the triangle. 

By (Art. 31), Area = \ b. c. sin. A = X 28 X 36 X sin 63° 47' 

= 14 X 36 X sin. 63° 47', 

by logs., log. area = log. 14 + log. 36 + log. sin. 63'' 47' 

= log. 14 + h^g- 36 + L. sin. 63*^’ 47' — 10 
= 1146128 + 1-556303 + 9*95-^55 ^o 
= 2-655286 = log. 452*2, 

.*. area = 452*2. 

HEIGHTS AND DISTANCES. 

The following examples in Heights and Distances show the practical application 
to surveying, of the rules given for the solution of right-angled and oblique-angled 
triangles. ( 5 c^ Arts. 19—30.) 

33. (i) To find the height of an accessible object. (Fig. 162.) 

Let BC be an object accessible at its base, the height of which is required. 

From its base measure a horizontal line AB of any convenient length, and at 
A observe the vertical angle BAC to the top of the object. 

Then, by (Art. 20, 2nd case), BC == AB. tan. BAC. 

Example'. At a distance of 130 feet from the foot of a building, the angle 
of elevation of its top was found to be 61^ 20'; required its height. 

Ans. 237-78 feet. 

34. (2) To find the height of an inaccessible object. (Fig. 158.) 

Let CDE be an object inaccessible at its base, the height of which is required. 

Mecisurc a horizontal line AB in the direction of B, and at A and B observe 
the vertical angles DA(L DBC, to the top of the object. 

Now, in the triangle ABC, angle ACB = DB (3 — BAC (sec Chap. I, 

Art. 71), and, in the same triangle, by (Art. 25, ist case), BC = AB. \ 

hence, in the triangle BCD, by (Art. 20, ist case), DC = BC. sin. DBC. 

CBSKRVATIONS. 

* To prove the .nrcut.icy of the result?, sum up the three angles which should equal 180''; thus A -f B 
C = 32” s;' 8' + 51" 10' 5^8" -L 95’ 51' 54" = jSfC o' 

.Also, the first two angles h.aving been obtained, the third could have been deduced by siibstracting the 
Bum of the two found ain^les from i8o"j thus, C £2 180'^ — (A B) = 180° — (32® ^7' 08'' + si® 10' 3 

180® - 84® 08' 06'' - 9^^ 51' 54". 5 i / 
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Example-. In order to find th(i hcie[ht of a hill, a base line of 280 feet was 
measured in its direction, and the anijles of eh^vation of the top of the hill at the 
extremities of the base were 28 and 49 ,* ret|iiir(.Hl its hi^iii^ht. 

Ans. 276 8 feet. 

35- (3) To find the height of an object situated on an inaccessible hei^^ht 

(Fig- 159) 

Let El)^ be a hill inaccessible at its base, and CE an object, the height of 
which is required, situated on it. 

Measure a hori/ontal line AB in the direction of the hill; at B observ(' the 
vertical angles 1 )I 3 C, Dl^^E, to ihn top and bottom of the object, and at A observe 
the vertical angle DAC to the top of thc! object. 

Now, in the triangle ABC, angle ACB, = DBC — BAG {see Chap. I, 

Art. 71), and, in the same triangle, by (Art. 2S, 1st case), BC = AB 

.... *" ' * sin. ACB 

Again, in the triangle CBE, angle BEC == 90^ + Di^E, and angle CBE = 
DBC — DBE; hence, in the same triangle, by (Art. 25, 1st case),"CE = BC. 
sin. CBE 

sinTBhX’ 


Example-. Find the height of a fort situatcMl on the summit of an inaccessible 
hill, having given a base line AB in tlie dirt-ction of the hill =: 390 feet, and the 
angles of eh^vatioii of the top and bottom of the fort at the nc-arer extremity of 
the base = 62' 15' and 47^ 10' respectively; and the angli^ of elevation of the top 
of the fort at A th(.‘ farther extremity of the base 31/’ i i 

Ans, 200'56 feet. 

36. (4) To find the distance of an inaccessible object. (Fig. 160.) 

Let C be an obj(‘ct inaccessible from a point A, whence the* distance AC is 
required. 

Measure a horizontal line AB in any convenient direction, and from its 
cxtremitit^s observe th(.‘ hori/ontal angles CAB and CBA. 

Now, angle C = 180"' — (CAB + CBA), 

« 1 /A \ A A CBA 

then, by (Art. 25, 1st case), AC = AB. 


Example-. Find the breadth of a river, having given a base line AB][along 
one bank = 63 chains 37 links, and the horizontal angles subtended by a tree on 
the opposite bank at A and B each end of thii base = 83'" 13' and 34" 1 C, respec- 
tively. 

Ans. 40 chains 10 links. 

37. (5) To find the distance betiveen tivo inaccessible objects. (Fig. 426.) 

Let M and N be two objects inaccessible from the position of the observer, 
whose distance asunder is required. 

Measure a base AB; and at each of its extremities observe the horizontal 
angles between the other (ixtrcmiity and the two objects—namely, the angles 
BAN, BAM, ABM, and ABN. 

Then, in the triangle ABN, angle ANB = iSo"" —(ABN + BAN) ; 


, /A \ A XT A ABN 

by (Art. 25, 1st case), AN = AB. 

Again, in the triangle AMB, angle AMB = 180" - (BAM + ABM), 
by (Art, 25, 1.st ca.se), AM AB. 

Hence, in the triangle AMN, the two .sides AM, AN arc known, and the 
contained angle MAN = BAM — BAN; 
by (Art. 25, 3rd case), tan. J (AMN — ANM) 

= X i i 

whence the angles AMN and ANM are found. 

Lastly, in the triangle AMN, by (Art. 25, ist case), MN = AM. 


sm. 


_MAN_ 
sin. ANM 




AIO ro I,ANM)-SnRVKYIN('.. 
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Example-. Find the dislatun; lielween two hoii'^es M and N, on the opposite 
side of a iiv(fr from that of llie obs(.T\er, and inaccessible therefrom, having given 
a base line AB = 52O chains; and at A and P., each of its extrcinities, thejiorF 
zonlal angh.'s betwa.'en tlie other cxtri'inity and the two liouscs 63 5^) ty . 

and 55^42', 106'' 12', respectively. 

Ans. 2,1 52 58 eh.iins. 

38. (6) To 'find ihe distance hcisvccn two accessible objects. (I'igs. 427, 

428.) 

Let A and B be two objects {see I'ig. 4 - 7 ) ac(x?ssible from C ; their distance 
apart is required. 

Measure the distances CA and CIF and observe the horizontal angle ACB; 

Then, by (Art. 25, 3rd case), tan. i (B —A) = tan. -J- (B + A) ; 

whence tin.' angles 1? and A are found. 

And, by (Art. 20, 1 si <'as(‘), AH — CA. j^* 

Exiunplc /. bind llir di^taiKa* l)(‘l\v(aai two acrrssiblo tnn^s, wbos(^ distances 
from the <)bi>ervrr an* and links respect iv(‘ly, and the angles between 

them i" pyS'. 

Exfunph^ 2. Im'oiii th(‘ to]) ol a pt^ak of the* Himalayan mountains, the dip 
of the hori/on {sice I' ig. 4^^)) i''^ b 5b 10". J| tfu* radius of the earth be 4,000 
miles, what is the height of the peak, m miles ? AnS‘ 2*364 miles. 


CIIAITER IV. 

Logarithms. 

] 4 )(.;AKrrHx\is of numbers. t 

1. Lcx^.ARi rilMS ihXiM.AiNKn.— [.opdritliins \ an; a scries of artificial 
numbers adapteil in a certain way to a series of natural numlxTs, to facilitate the 
process of numeric'al cabailaliiui. 'rims, Multiplication of natural numbers can 
be; perfoniuid by addiinm of their logarithms; Division by their ^subtraction; 
Involution, or raising ol powers, by thi*ir multiplication ; and Involution, or 
extraction of roots, by their division, 

'fhe abov(; expiess(‘d algebraically, Avherc X and Y repre.sent two natural 
numbers, is 

log. (X X V) ^ log. X + log. Y ; 
log.^ = log. X — log. Y; 

log. X" = n. log. X; 

log. log. X. 

2. iNDibX Axn Mantissa. —The integral part of a logarithm Is called Its 
index or characteristic^ and the decimal part is called its mantissa. 

3 . Caia U1,A l U-)N i)[' InDi-.x. —If the JiumbiT whose logarithm is sought 
contains one or more integral figures, the index is always one less than tin* number 


DR'.KKY A J IONS. 

♦ Tlio dtp of the horijon Is llio .-ifu;]L‘ ( (.nt.nnnl by two lines drnwn from the observer’s eye— 

nun noiHl in the -i’isii'lf lion/pn, .nul thi* utlur p.'ii.'illcl to tho sciisihlc horizon, tin.* observer’s oyo being 
M mX!l to \^X^L\ .thnve the- 1, v.l n, llu* MM. In (leg. |^S) ;.n,l. AOl>. is the clip of the horizon, livb 
the visihlo hoiizoii moil the m nsil)lr horizon, ;iml AO.t ;i hoi izontil pl.ine ;it (). In pivictice, owing to the 
effect ot refivution (see Chop. Wl, Ait. vt). ))h. rel)y r;iys Ironi a po.nt beyond B will h(.> seyn and reach A 
in i din'ctinn ibove BA, the .'inede ol d. pression A<)B» is in re.'ihty diiiiim^hed liy ,hth o\ itself, and the visible 
disl ince iiVs increased ;ih.o by ih ol iIm II. dbus. il o and .v be taken to respectively represent the angle of 
clepression and the visible' disi.m, (', llie reihiec-d v.iluc ol the one would be t) - /.o, and the increased value of 
the either v' + ' v* iSVp nhso Chap. X\ 1, .Aits, i ; .md I 1.) 

t b'or the logaiithinie l.ibkM oiiMill Table XXXI ot the “ C.alculating 'I'ahlcs’ (^dh edition). 

+ 'Ihe loitaiiflim ot a miinbiT is the expeinent ol the power to wliieh another given nciinber must be raised 
in order to prc^ducc the former number. Thus i,ooo = lo X lo x lo; that is, iu'‘ = 1,000, and the 
exponent 3 ib the logarithm of i,ouo. 
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of integral figures in the number, and is po^^itive; thus, if the number contains one 
figure, th(' index of its logarithm is o; il ii contains two tigiiia's, tlu^ ind(‘X is i ; 
if three figures, th(‘ index is : ; and so on. 

If the number wlio^e logaiithm is ^oiiglit is wholI\' a decimal, tin* ind(‘x is 
always one more than th(.‘ numluM' ol jna fixed < iphers niini('diat(‘l\ alter ih(‘deiamal 
place, and is nc'gativa*; thiis,il tluaa* is no cijiher alter the (tc('imal, the iiub'x is 7 ; if 
therti is one pndixcal ciph(*r^ the index is j ; it tluaa^ an* twx) jindixcal c'ipluTs, the 
index is j ; and so on. 

It will be observ(‘d that th<‘ negative sign — is placed ov(‘r th(‘ indi'x. 
This is to show" that tin* index aloiH‘ is n(‘galiv(‘, since* the mantissa is always 
positive. 

4. MAN'nSSA, W'lILRL l-orNO.— rh(* mantissa of the logarithm is alone? 
found in the* table? {see 'Table* XXXI, “ ('ahailating Tables.” 5th e'ditie^n) ; the* inele*x 
must therefore be* supplie*el by the* e'.ale'iilateir liimse*ll, bv the* Kiile* in (Art. pO. 

5. MxN'I'ISSA ( e)\ST\NT AS '1 e) Dl-e'lMM. I'eo\ 1‘. — 'Tile* ele‘eamal part of a 
logarithm is the^ same* feir all nnmbe‘rs e'e>nsi ting ed the* ?x'nne signille'ant figure's, 
W'he*rever the decimal plae'e is situate el ; the* inde*x alone* e hange*s aceairding le) the* 
position of the decimal pefiint. 

'Thus the decimal part e>f the* leygarithm eif ^57 be ing the* leygarithm 

of 35,700 is4'55j66S, the leygarithm eif 3*57 is e)'5:;.6f)S, .and the* leagaritlim e)f 
0‘eD0357 is 3*552668 whie h is e'rpi.al to (— 3 -f- ‘551608). 

/tA:e'7y7^/>/e.s'on the* me*thoel e)f siipplving iiulie e's ; anel having give-n the indices 
to supply the de*cimal peiint of the* numbe'rs. 


Nutnln'i. 

5,2(j6 

5206 

52*ea6 

"5*206 

•5206 

‘05206 ... 

*005206 ... 
etc. 


illini. 

... = ;V7'CVJ4 
... = 2716504 
... ==. 1716504 

... = ( 27 ’<'> 5 'H 
... T‘7i65o|. 

... = 2*716504 

••• = 3’7^65e)4 

... = etc. 


6 . To find the logarithm of a given number. 

Case /. Whe'ii the number consists eef 4 significant figure's. 

Rule\ Look for it in the e-edumn m.arke'il Xo. (numbe'r), and opposite it, in 
the adjacent cedumn marke'el Leag. (logarithm), wall lie* teiunel the* ele*eanial part of 
the logarithm. 'The* inele-x must be sii|)plie*el by the* Rule* in (Art. 3). 

Le-)g. 5,487 3*7^^^^^^^^^ 

Case 2. When the numbe'r e-einsists eil le'ss th.an 4 signilieaant figure's. 

Rule: (Xanceive* cipheas tei be* annexed tei it to make up 4 figures, and iind its 
logarithm as abeive*. 

Example-. Leig. 74 or leig. 74*00 — r86(^232. 

Case j. When the number e oiisists eif more* than 4 signilie'.ant figures. 

Rule-. Find the logarithm eif the* first 4 figures, as abeive*; then look out for 
the fifth figure in the unit’s plae'e in the* same s])ae'e*, anel t.ake out the ceirrcsponding 
number Iream the adjacent e'eiliimn marked Fr. Pt. (pre)pearlieanal part), and plae e? it 
unde^r the* last figure*s eaf the* pre’e'cding le)garithni ; in the same? way look feir the 
sixth and seventh Tigure*s, if there Ik* so many, anel place the corresponding propor¬ 
tional parts unelcr the others, re*nrning the'in one and tw'o places re.*spce'tivedy to 
the right. Aeld these* numbers together, anel the* sum kept to the iie/arest sixth 
place will be the dee'imal part of the leig.irithm re*quired. 

Example'. Find the logarithm of '008060519. 

Decimal part of log. of 8,060 = ‘90633S 

Proportional part for ‘ S -7 



Hence the log. of *008060519= ^9 06363 . 
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7. To find the number corresponding to a given logarithm.^ 

Case /. W'hm not more than 4 sij^nificant fii^ures are required. 

A^ule: Look for th(* lo^^arithin, or if that is not exactly given, the nearest 
logarithm in the column marked Log., and the corresponding number in the 
adjacent column marked No. will lx* that which is requircxl. 

Example', h'ind the numbi‘r corresponding to tht* logarithm 1*261037. 

Nearest log. = ’261023 ; 

Hence number corresponding to 1*261025 = 18*24. 

Case 2. When more than 4 .signiiicant figures are required. 

Rule-. Find the next less logarithm and its corresponding number of 4 
figures, as above; subtract this logarithm from th(* given one, and from the 
column marked Pr. l^t. take out the number next below this difference, and 
the corresponding figure in the* unit’s place of the column of numb(*rs is a 
fifth (igure to b(‘ annex(*d to the others. Subtract this proportional part 
from the differ(*ncti above*, and annt*x a cipher to it ; the next number in 
th(i same column of proportional parts will give* a sixth figure. Proce^ed in 
this manner as far as may be ne*ce'ssary, taking the last additional figure to the 
nearest unit. 

Example'. Find the* number e'orre‘sponding to the leigarithm 3*906363. 


De*ciinal part of given log. = *906363 
Next less leig. = ‘9^6335 = 

8060 

Diffe‘rejnce =: 28 

Next lower pro. part = 27 = 

5 

10 


)) ))))}) ^ 5 

I 

50 

)} 1) )» )) ~ 49 “ 

9 

Hemce the No. corre*sponding to the log. 3*906363 = 

•008060519 


8. Calculation of negative indices. —It is usual to make^ only the inde*x of 
a logarithm ne‘galive, as the* calculations can thus be made more conve/niently. 
Calculations with negative indie'cs are made according to the rules of algebraic 
addition and subtractiein. 

Case /. To adel twe) negative* indice*s. 

Rule \ Take thedr sum and make it ne*gative*; thus, 7 -f 2 = 3. 

Example-. AddT’452761 anel 2*274828. 

1*452761 
+ 2*274828 

T 72 75 % 

Case 2. To add a positive and ne*gative index. 

: JTakt^their dillerence and give it the sign of the greater; thus, 6+2 

= 4) 3 + 5 = 2 . 

Examples'. Add 6*327410 and 2*411249, and 3*532488 and 5*842264.! 

Case j. To subtrael a ne.*gative indeix. 

Rule'. Change its sign to plus, and them add it by the preceding rules for 
addition; thus. 2— () = 2 + 6 = 4, 5 — 2 = 5 + 2 = 3, 

3 “ 5 == 3 + 5 = 8 , 6 — 7 = 6 + j = 7 . 


observations. 

♦ The number cannot be carried with accuracy to more places than the logarithm. 

+ In this exampk* the sum in the first decimal place is 13, the i being carried to the indices which give 
+5=4+5 -T. 
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Examples: Subtract 6'129475 from 2*457896, 
5*241847 from 3-406842, c'lnd “: •7224^/^ from 6-^48502. 

^640728 3-4068^2 

6 129475 r84632() ■—^*241847 


2 846320 from 5*640728, 

6-348502 
—r; 22436 


4*328421 2794408^ ‘^■i^>4995 8-626o66t 

Case 4. 1 0 multiply a loi^arithm wliicli has a iK'i^ative index. 

Rule: Multiply the dct imal part by th(' ordinary rules ; then multiply the 
nerjative index, whicdi will e:ive a ne^^^ative product, and add the carriage, if any, to 
it (by the I^ule of ("ase 2). 

Thus 2 X ^tnd if 2 of carriage is to be added, the result will be 10 + 

2 8. 

Examples : Multiply 2*247981 by 3, and 3*9^84075 by 6. 

2-247981 3'9‘'^4'75 

3 6 


^^743943 13-904450 t 

Case 5. To divide a logarithm which has a negative index. 

Rule : If the ind(‘\ is divisible* ))y tlie divisor, write down the quotient with a 
negative sign, and divide the* dci'imal part by the* ordinary rules. But if the index 
is not divisible by the divisor, add siu'h least lu'gative* number to it as will make 
it divisible, and prolix an equal positive int(‘ger to tiu* decimal part of the loga¬ 
rithm ; then divide the increased negative* inde^x and the other part of the logarithm 
separately, and the iirst quotient, taken neygative'ly, will be the index to the deci¬ 
mal part of the seconel quotient. 

'Fhus, 6 -T- 2 — 3. But io-i-3 — (iud-24“2)-7- 3—"12-7-3 + 2-7- 

3- ^4 + 443'. ^ __ 

Example: Divide; (5*942568 by 2, and 10*278504 by 3. 

6-942568 4 - 2 = 3771284; 

^i 7)*278504 -r 3 = (12 + 2*2785e.7) 3 --= 4 ' 7595 '^*- 

9. To perjorm miiltiplication hv Uu^atithms. 

Ride: Add the logarithms of the* fac tors, and the sum will be the logarithm 
of the product. 

Examples: Multiply 3*24789 by 268 847 ; and multiply together *0648, 26*41, 
and ‘0019426. 

log. 3*24789 0-511601 

lejg. 268*8.1-7 = -‘ 4 - 95 ^\S 

2*e^4iio() - 873'184, Product; 

log. *0648 781 1575 

log. 26*41 — 1*421768 

le.^g. *0019426 ~ - 3*288383 


5-521726-- -00.33245, Product. 

10. To perform division by logarithms. 

Rule : From the lejgarithm of the elivideiid .subtract that of the divisor, and 
the remainder will be; the logarithm of the quotient. 

Example: Divide; 386*2 by 64 75, and ’0643 by 114*09. 
log. 386*2 — 2*58(3812 
log. 64*75 1*811240 


« 775572=5*96447) 

log. ’0643 = 2’8 o 82H 
log. 114*09= 2*057247 

7750964 = ’00056359, Quotient. 


OIJ.SF.RVATIONS. 

♦ In this cxamj)le the difference in the first decim.'il place is 7 with l over, and is carried to the indices 

which give I+“—2=4—2 = 1+3 = 3 ! . , • j . .1 • 

t In this example the difference in the first decimal place is 6 with i over, and is earned to the indices 

which give 1 + 6 — i-7 — 1=7 + 1= 8 . ^ 

X In this example § x 0 5 (the carriage) = "s + 5 = i 5 - 

5 
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11. To perform inroliition hy logarithms. i • i 

Ride : Multiply thi^ logarithm of llio given number by the index of the power, 
and the prodiK't will be tin* logaiithm of the r(‘quir(‘d power. 

Examples : h ind tin* cube of 2‘42o6. and the 28/111 power of i 0058. 
log. 2-4 _o6 0-^83923 

3 

1*151769 — 14*183, Power required; 

log. I‘0058 —0*002512 
287 

0*720944 =^5*2595, Power required. 

12. To perform evolution by logarithms. 

Rule : Divide th(‘ logarithm of th(‘ given number by the index of the root, and 
the quotient will beth(‘ logarithm of the lequired root. 

tlxamples \ Find the sqiiaH‘ root of 2,52S‘i7, and the 83rd root of 429*063. 
log. 2,528*17 - 3'4028 o 6, and 2)3‘4 o28o6 

1*701403 - 50*2809, Root required ; 
log. 429*063 — 2*632521, and 83) 2 632521 

0031717 — I‘07576, Root required, 

13 Ari I'liMK'i'K Ai. CoMiu.KMENT. Th(^ Jrftlimrtical Complement of a 
logarithm is the number which iranains after subtrarUing the logarithm from zero. 
Thus the A. C. of 7*274326 —87.:5674; of 2*067843 —3*932 157. 

Ride jor obtaining the A. C. of a lo^^arithm : Add 1 to the index and change 
its sign ; and subtract all the liguies of th(‘ decimal part from 9, except the right- 
hand ^ignilieant one which snbtrai't from lo. 

Examples \ Find the arithmetical eomphmient of the logs. 1*784698, 0*185445) 
and 3*047862. 

A. C. of 1.7S469S = 2*215302 ; 

„ „ 0.185.^45 = r‘814555 ; 

„ „ 3.047862 2*952138. 

14. 'fo subtract a logarithm is the same? thing as adding its arithmetical 
complement.^ 

Examples'. Of tlu* following logs subtract 1*045283 from 2*527896, and 
6*849953 from 1*000701. 

2*527896 I *000701 

A. C. of 1*045283 — 2*954717 A. C. of 6*849953 = 5*150047 

Remainder = 1*482013 ; Remainder = 6*150748. 


LOGARITILMIC SINKS AND TANGENTS.! 

15. Logarithmic Sines, VangentSy etc.y explainral. The Logarithmic Sines, 
TangcMits, etc., as arranged in th<‘ TabU* {see Table XXXII, “ Calculating Tables,” 
5th (‘(lition), au* th(‘ hygarithms of the numerical valu(*s of the sines, co-sines, 
tangents, and eo-tangeiits of all the aia's of a quadrant, calculated to a radius of 
10,000,000,000. The Kygaiithm of this radius is 10. 

In th(‘ first horizontal line of eai'h page, aia^ writtiMi the degrees, whose sines 
and tang(‘nts arc* exqoressed on the* top of the page, proct*(^ding from 0° to go^ for- 
wards ; and the vertic'al column on the* left is th(‘ii column of minutes. In the last 
horizontal line of c'aeh page* are written the* di*grc*es whose co-sines and co-tangents 
are expresst*d on the* bottom of the page proceeding fiomo^ to 90° backwards ; 
and the* veitic-al column on their right is their c'olumn of minutes. 


Oirsi-.RVATIONS. 

♦ HciiLC to pLM-fonn divis’on, add the A. C. of tbc log. of the divisor to the log. of the dividend, and the 
sum will he the log. of the (iiioticni. ^ * ’ 

t For the logarithmic table, consult 't able XXXII of the Calculating Tables ” (5ih edition). 
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Since neltlier th(' sine nor ro-sine of an anc^le is ever o;reat(‘r than unity, tlie 
logarithm of a sine or co-sine will lu ver be a positiv(‘ (juaiuitv. In order to avoid 
the occurrence of n(‘gativ(‘ quantitii's in the 'Tablos, it is found convi-nient to add 
\o to the logarilhin oj CTCvy trigono/nrtrical ratio, before* registi'ring it in the 
Tabl(\s ; tin* logarithm so inen‘ase*d is ('all(‘d th(‘ Tabular Logarithui, anti is usually 
denott‘d by tlu^ ItTter L. 'rhus— 

L. sin. A ~ log. sin. A + lo, 

1 ^. cos. A — log. cos. A -f- 1 o, 

and so on. Of course in calculation tliis addition to the real logarithms of the 
Trigonometrical Ratios must be allowed f(.)r. 

Attention must bt* paid to the following rule* : that as the angle {jicrcases, the 
sine and tangent also increase, but tlu* co-sint* and co-tangent dt criase ; hence, in 
the Tablets, the Tabular diftereiK'es art* additive for tht^ former case and subtrac¬ 
tive for the latter. The signs and — ha\e aeeordingly bt‘en plaet'd as a giiidi* in 
the vertical columns of l.)ifterenc(_\s ; at the top for tlu.* sines and tangents, and at 
the bottom for tlie co-sines and co-tangents. 

16. 7 'o find tlu' Logarithniic sinCj tangent^ co-sine or ro-tangent of a given 
a7igle. 

Case /. \Vh(*n th(‘ angle ('ontains degnuN and minuU's only. 

[a) l^'or the siiH' or tangent. /\ule : l.ook hw the degre(‘s at the top of the 
Table, and in the column marked Sine* or 'fangent, as the* cas(‘ may be, and opposite 
to the giv(Mi number of minutes in the left hand column marked ' (minutes), is the 
required I.ogarithm. 

Examples *. The L. sim* of i8' 45' = 9 ‘ 5 ^^ 7^99 ; 

d'he L. tangent of i8‘’ 45' ~ 9‘53<^7^*- 

(/;) l"or the co-sin(‘ or co-tangcint. Rule: Look for tluj ('(‘grees at tin* holtom 
of th(‘ Tabl(‘, and in the column marked (.'o-sine or ('o-tangeiit, as th(‘ case may 
be, and opposite to iho given number of ininut(.‘s in the right hand ('ulumn marked ' 
(minutes), is the required Logarithm. 

Examples: The L. co-siiu* of 67” 13' 9587989 ; 

The 1 .. co-tangent of 13' = 9‘023.i6(). 

Case 2. Wlien the angle contains degrees, minutes and seconds. 

{ii) For the siiK; or tangent. Rule : Idnd the Logarithm for the number of 
degrees and minutes as before ; multiply the corn'sponding tabular difference for 
1" in the column marked Dilf. (diflerema*) l}etw'(‘en this Logarithm and tlie next 
In^^her, by the number of seconds given ; and add the product to the l.ogarithm 
first found, retaining th(^ sum to 6 places of decimals. 

Fixamplc: To find the J.ogarithmic tangent of 27° 13' 18" 

L. tail. 27° 13'— =9*711215 

Diff. X Secs, = 5 *i8 X 18 -f 93*24 

L. tan 'I’f 13' 18'' =9*711308 

(/;) For the co-sine or co-tangent. Rule : Find Logarithm of tlu' number of 
degrees and minutes as before; multiply the corresponeingtabular difference for i" 
in the column marked Diff., b(*tw'een this Logarithm and the next lower, by the 
number of seconds given; and substracl the product Irom the Logarithm first 
found, preserving th(* diflcac nce to 6 places of decimals. 

Example I To find tin*. Logarithmic co-tangent of 73^ 28' 51". 

L. cot. ... ... r.. = 9*472532 

Diff. X Secs. = 7*72 X 51 ... = — 393*72 

L. cot. 73^ 28' 51" ... = 9*472138 

17. To find the angle corresponding to a given Logarithmic sine tangent^ 
CO- sine or cofangent. 

Case /. When the Logarithm is found in the 1 ables exactly. 
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[a) For the sine or tani^( nt. Rule : Look for th(‘ Logarithm in the column 
in«arked Sine or Tani^ent, as the ('as(‘ may bo, wlu*n ihe dejL^ri'os of the aiiijle will 
be found at the top of the pao(‘, and tht; ininutc^s in the lejt hand column marked \ 
opposite to the given Logarithm. 

Examples'. The L. sine 9 423697 corresponds to 15” 23'; 

,, tangent 10*413561 ,, 68''54'. 

(J) For the co-sine or co-tangent. /?///c : Look for the Logarithm in the 
column marked Co-sine or (b3-tang(‘nt, as the'cas(‘ may be, when the degrees will 
be found at the bottom iA \\\v page, and the minutt's in the hand column 

marked opposite to the giv(‘n Logarithm. 

Examples : The L. co-sine 9*544663 corii*sponds to 69" 29'; 

„ co-tangent 9*998958 „ 3^^ 58 ^ 

Case 2. W hen th(" Logarithm is not found in the Tabl(‘S(‘xactly. 

(a) For the situ* or tangent. Rule \ bind tlu' ni-xt lorecr Logaritlim, and take 
the degrees and minutes corresponding to it as bedon.'; subtract this Logarithm from 
the given one ; divide thi^ rcimaiiidcu' Ijy th(' cern spondiiig tabular difference for 1" 
in the column marked Diff., betw< eii the Tabular Logaritbm and the next higher^ 
and the quotient will be tin* numbin' of seconds recpiiied. 

Examples bind the angk* corresponding to tlu^ Logarithmic sine 9733849, 
and that corresponding to the Logarithmic tangent 10*498963. 


Giv(*n. J. sin. 

••• = 9 ' 7 .L 1<'^49 

Next lower Log. 

••• •= 9 ' 7337<>5 = L. sin. 32” 48' 

Tabular difference 

... = 3-2 7)8400(26" 

65-1 

I 860 

1962 

• *. th(.‘ requiri'd , 

angle 32'' 48' lC' ; 

Giviai L, tan. 

~ 10*41)8963 

Next lower Log. 

= 10*498641 = L. tan. 72^^ 24' 

Tabular difference 

"••• = 7-3i)32:^'oo(44" 


2924 

2960 

2924 

/. the r('C(uired angle = 72*^’24' 44". 

(A) For the co-sine or co-tangent. Rule: Find thi* next higher I.ogarithm, 
and take the degrees ami minutes corresponding to it as bc'bni*; siibtract the myen 
Logarithm from this om*; divid(‘ the lemaindi-r by th(‘ coi responding tabular 
difference for i"in the column markml Diff., b(‘tween the 'labular Logarithm and 
the ni'xt io'wer^ and the quotient will b(‘ tin' number of sei'onds rt‘quired.. 

Examples : Find the angle coriesponding to the* Logaiithmic co-sine 9*752834, 
and that corresponding to the Logarithmic co-tangent 10*238561. 

Next highiT Log. ... = 9752944 = L. cos. 55° 31' 

Given L. cos. ... = 9*752834 

Tabular difference... == 3*07)110*00(36" 

921 

1790 

1842 

• \ the required angle = 55^ 3C 36''; 
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Next hii^lier Log. 
(liven L. cot. 


— 10*23^:561 m L. cot, 30° 00' 
= I o‘238415 


Tabul ar difference 


4’8o) I46 oo( :;o" 
i 45 ‘^ 


20 

00 


llic n'qiiired angl(‘ = 30"^ no 30". 

18. To find the Logarithmic sine, tangent, co^sinc, or co-tangent of an 
angle greater than goL. {See Chap. Ill, Arts. 14 -16.) 

(a) For tht‘ sine or tan^a'iit. 

Rule : I. W’hiMi the angle is in th(‘ 2iul (juadniiit, siibl ra('( ()o^ from it, and 
find the Lcigarilhmic co-siiu‘ or co-tangent, as th(‘ (msi‘ in.iy n‘(|uin‘, of the differ¬ 
ence. 

2. WIkmi th(‘ angl(‘ is in the* 3rd quadrant, suhlrael from it, and 

find the Logarithmic' sine 01 tangent, as tlu* (\'ise m.iy require, of the 
difference. 

3. \Mi(‘n the angle is in the 4th quadrant, sulitract 2^0^ from it, and 
find the Logarithmic co-sine or co-langent, as the* case may rt‘{|uire, of the 
difference. 

Examples : Find the Logarithmic sine and tangent of 133'’ 4' 5", 230^^47' 19", 
and 315° 52' oi'^ 

L. sin. I33 '"o4'o 5"=^L. cos. (i33°04'05"— 90*") ^L. cos. 43 04 05"=:- 9 863646, 
L. tan. 133 04 05 =L. cot. (133 04 03 — 90)^].. c ot. 43 04 05 =10 029310 ; 

L. sin. 23047 19 —I., sin. (230 47 19 —i8o)=L. sin. 5047 19 = 9'88920i, 

L. tan. 230 47 19 =L. tan. (230 47 19 —180 j —L. tan. 50 47 19 --10 C388358 

L. sin. 315 52 01 =L. CC 3 S. (315 52 oi -270 ) = L. cos. 45 52 01 == 9*842813, 

L. tan. 315 52 OI =L. cot. (315 52 01 —27o)^L. cc:)t. 45 52 01 = 9 (986856 

(b) For tho co-sine or co-taiij^cnt. 

Rulc:\. When the angle is in the end quadrant, '-iiblracl oo’’’from it, and 
find tile Logarilliinic sine or tangent, as the ease may rcajuire, of tlie difference. 

2. \Vlien the angle is in the 3rd quadiant, suhlrael iSe/’ from it, and find 
the Logarithmic co-sine or co-tangent, as the easi' may re(|uire, of the ilifference. 

3. W hen the angle is in the 4th quadr.int, subtract 270’ from it, and find 
the Logarithmic sine or tangent, as the ease may reqiiiri', of the dilfeia nce. 

Examples ; Find the Logarithmic co-sinir and co-laiigcnt of 91" 27' 48", 180° 
2' 22", and 350° 15' 57". 

L. cos. 91° 27'48"=L. sin. ( 9 i° 27'48"— 90") =L. sin. i"27'48"= 8-407169, 
L. cot. 91 27 48 =L. tan. ( 91 27 48 — 90 ) = L. tan. i 27 48 =: 8-407310; 

L. cos. 180 02 22 = ..cos. (180 02 22 —180 )=:r.. cos. 0 02 22 =10000000, 

L. col. l8o 02 22 = ..cot. (l8o 02 22 —l8o) = L. cot. 0 02 22 =13170677; 

L. cos. 330 15 57 = ..sin. (350 15 57 -270 ) = L. sin. 80 15 57 - 9-993702, 

L. cot. 350 15 .. tan. (350 15 57 —270 )=^L. tan. 80 15 57 =10-765616. 

19. To find the f.ogaeilhinic secant or cosecant ofia given angle, 

(a) For the Logarithmic secant. 

Rule ; Obtain the complement of the Logarithmic eo-sinc of the given angle, 
to -which add 10 for the Tabular Logarithm rerjuired. 

(b) For the Logarithmic co-secant. 

Rule : Obtain the complement of the Logarithmic sine of the given angle, to 
which add 10 for the Tabular Logarithm required. 

Examples-. Find the Logarithmic secant and co-secant of 27° 15' 18". 

L. sec. 27° 15' i8"= (to—L. cos. 27° 15' i8")-f 10=20-9-948891 =10-051109 ; 
L. cos. 27 15 18 =(io—L. sin. 27 15 18 )+10=20—9-660820=10-339180. 

20. Rules for small angles. The diffcrenctrs for the Logarithmic sines and 
tangents of small angles, up to 3°, arc very irr. gular, and therefore the ordinary 
method of proportioning for seconds is subject to considerable error. It is seldom 
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such anjfles enter into calculations, but when they do so, they or their I.oijarithniic 
sines and tangents may be calculated fioin the subjoined rules.* 

2 1. To find the. Logarithmic sine of a small angle. 

Rule : To the I.ngarithm of the angle reduced to seconds, add the constant 
Log. 4’685575, and from the .sum subti.act one-third of the arithmetical com¬ 
plement of the Logarithmic co-sine ; the remainder will be the Logarithmic sine of 
the given angle. 

"Example-. Find the Logarithmic sine of l° if 23"-8. 

1° i 7'23"-8=4,643"-8, itslog. ... = 3 666873 

Constant Log. ... ... — 4 685575 

8-352448 

J (lo-L. cos. 1° 17' 23"-8)=i (10—9-999890) = 0 000037 

.*. L. sin. 1° 17'23"-8 ... = 8-352411. 

22. To find the Logarithmic tangent of a small angle. 

Rule ; Add together the logarithm of the angli.' reduced to seconds, the con¬ 
stant Log. 4-685575, two-thirds of tin; .irithnietical complement of the 
Logarithmic co-sine ; the sum will be the Logarithmic tangent of the given angle. 
Example-. Find the Logarithmic tangent of i" 27' 23"-8. 

i°i 7'23"-8 =4,643"-8, its log. = 3-666873 

Constant Log. ... ... = 4-685575 

I (10—L. cos. 1° i7'23"'8) = | (10—9-999890)= 0-000073 

L. tan. 1° 17'23"-8... ... = 8-352521 

23. To find a small angle, of so Inch the Logarithmic sine is given. 

Ihile : Add together the given Logarithmic siin;, the; constant Log. 5-314425, 
and one-third of the arithmetical complement of the Logarithmic co-sine ; the sum 
will be the logarithm of the numb(;r of seconds in the required angle. 

Example -. Find the angle corresponding to the I.ogarithmic sine 8-352411. 

C 3 iven L. sin. ... ... = 8-352411 

Constant Log. ... ... = 5-314425 

J (10—L. cos. 1° 17' 23"-8) = J- (10—9-999890)= 0 000037 

Log. 4,643"-8 ... ... = 3 666873 

Required angle = 4,643"-8 ... = 1° 17'23^-8 

24. To find a small angle, of lohich the Logarithmic tangent is given. 

Rule-.To \\\e. given Logarithmic tangent add the constant Log. "5-314425, 

and from the sum subtract two-thirds of the arithmetic.d complement of the 
Logarithmic co-sine ; the remainder will be the logarithm of the number of seconds 
in the required angle. 

Example : Find the angle corresponding to the Logarithmic tangent 

8-352521• 

Given L. tan. ... ... = 8 352521 

Constant Log. ... ... = 5-314425 

3-666946 

I (10—L. cos. 1° 17' 23"-8) = 3- (10—9-999890)= 0 000073 

Log. 4,643"-8 ... ... = 3 666873 

Required anglc=4,643''-8 ... = i°i7'23''‘8. 


OnSERVATION. 

♦ The numerical calculallons of the sine, tanijcnt, etc., of an an?lc by locjarlihmq, arc performed in the 
same way as those of natural numbers by logarithms. In so calc.ulatinj^ the tabular lo added to all loga¬ 
rithmic sines, tangents, etc. (sec Article i6), must always be allowed for. 
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1. Object j'iie Chai‘TKr. In this Cliapter ihc object has been to 
describe only such inslnnnfMits as are in ordinary use, and winch will amply meet 
the wants of the Surveyor. For a knowledge of special instruments, various 
refinements, and contrivances, etc., tluit have been invented from time to time, 
reference must be made to special treatises, such as Simms’, Stanley’s, Heather’s, 
etc. 

2. Contents or'Box or' Instrcments. A complete box of mathe¬ 
matical drawing instruments usually contains one cf each of the following:— 
I. Large compasses with moveablt* (a) plain, point, (b) pencil point (c) ink point 
{A) Icngthcnijig bar \ 2. //air compasses; Compass hey \ 4. Bow compasses^ 
namely, (a) pencil, (b) ink; 5. Spring bows, nam(*ly, (a) divuiers, (b) ink; 6. 
Drawing pen ; /double fen ; 8 . Detling poi; 9. I'* richer ; 10. Proportional 
compasses; Ji. /Rectangular protractor^ iP; 12. Straight edge; 13. Parallel 
rule; 14. Manjiiois scale; 15. Sector. 

3. LAR(ir: CoMPASSi:s. (Mgs. 133, 136.) This instrument {see Fig. 133) 
consists of two legs mov(‘abl(‘ about a joint A, so that thi‘ir extnanilies may be set 
at any distam'c from one another. Tin.* upper portion is fornuxl of brass or ele('trum, 
and the legs of st(.‘el, (‘iiding in fine points. It is used to transfer and measure 
distanc(!s, and to describe arcs and cindes; and is held erect in the riglit hand with 
one leg between th(; first and scM'ond fmgt'rs, tin? other k'g between the tliird and 
fourth lingers, and with the thumb against both the legs (dose to the joint on the 
near side, as shown in (iMg. 136). T(.) draw arcs or circles with pencil or ink, remove 
the plain point from th(.‘ so(d<et B into which it fits and replace it with the pencil 
point C, or the ink point 1 ^, as njquired. 'Fo strik(‘ larger circles and measure 
gix'ater distan('{‘s ins(‘rt on(‘end of the l(‘ngth(.‘.ning bar E into th(‘ socket B, and fit 
Ihe socket at its othm' end with the plain point, p(.‘n(dl point or ink point, as 
neciNsary. 'Fhe kggs of some compasses, as also the pencil point and p(m 
point, arc furnished with a joint a, that they may be set nearly p(*rpendicular to the 
paper. 

4. H.MR Co.MPASSi'.S. (Fig. 134.) The hair compasses arc used where 
greatcT accuracy is required than can be obtained by the common compasses. 
In the hair compasses the upjier part of one of the steel points is formed into a 
bent spring, which, bedng fastened at one extremity to ihv. \cg of tin.* compasses 
almost (dose up to the joint, is held at the other end by a screw. A groove is 
forimal in the shank, which rec(*ives the spring when screwed up tight; and by 
turning the screw bacdsward^, the steel point maybe gradually allowed to be pulled 
backwards by th(^ spring, and may again be gradually pulled forwards by the screw 
being tiiriKal forwards. In the figure, represents these compass(‘s when shut, and 
b represents them open, with the scianv turned backwards, and the steel point in 
conseqiieiK e, moved backwards by its spring s, fn^m the position represented by 
the dotted lines, Avhich it would have when screwed up tight. 

5. Compass Ki-:y. (k\gs. 469, 134.) The compass hey {see Fig. 469) 
has two points which fit into the two holes seen in the nut n of the joint 
{see Fig. 134) ; and by turning this nut the joint is made stiffer or easier, as 
desired. 

6. Bow Compasses. (Fig. 135.) To describe small arcs or circles of less 
than an inch radius, a small pair of compasses, called bow compasses^ with 
permanent pencil point (.vcd? Fig. 135, a) or with permanent ink point (sec F\g. 135^) 
are used. They are formed with a round head, which rolls with ease between the 
fingers. 

7. Spring Bows. (Fig. 139 .) The.se are bow compasses without the 
joint about wdiudi the legs move, being composed of a stout ste(3l spring of which 
the two legs are attached by an adjusting screw, which brings the points to any 
required distance from (Xich other and there keeps them immoveable {see Fig. 

I'^9) • d represents spring bow'^ dividers, which can measure small distances to 
almost a point; b represents a spring bow pen, which is well adapted to describe 
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arcs or circles of small radii witli exactness by means of the adjusting 

8. Drawinc; V\ (b'ig. 140.) This instrument is used for drawing 

straight lines. It is forna'd of two evenly pointed blad('s of ste(‘l fixed to 

a handle; and tla^y aiv so l)ent. that a sufficient cavity is left between them 

for the ink. d'he blades can be moved to or from ea(di other by means 
of a mill-hi\'id(‘d sc'nnv j^assing through them, so as to draw liiu.'s of any 
required fiiuaii'ss or tliK'kiK'ss. In using tlu' pen, hold it slightly iiudiiaal in the 
dina'tion of tlu“ hue to be drawn, taking (‘ar(‘ that th(' c'dges of both blades touch 
th(* paper. 

9. Doimi.r: V\:n, (Fig. 141.) The double or road pen is used for drawing 
closer parallel lines to repr(*s(Mil canals, roads, ct(\, having an adjusting screw to set 
the points to any najuired ilistaiu'c. 

10. Do'ifixc Pi'.X. (Fig. 142.) The dotting pen is a drawing pen 

with a dotting whe('l litl(‘d on to tlu* (‘lul, and is iisial to draw straight or 
curved dotttai liiK's. It r(‘ceiv(‘s ink in the usual way, and has a littlt‘ box 
s('oop(‘d out on th(‘ top of the handle which contains sev(*ral descriptions 
of wh(‘(‘ls, som(‘ to mak(^ only dots, oth(‘rs dots and lines, etc., being used as 
wanted. 

11. PRK'RER. (big 143.) Theis a fine netalle Indd in a pair of 
fona ps lixial to a hamllo, and is us(al to mark the intersection ol liiu's, or to set 
off divisions from tim plotting st'al(‘ and protractor ; and mav also b(? uscal to 
prick through a drawing upon an intended c'opy, or, the iKaalle being reversc'd, tbe 
eye end lorins a good tracing point. 

12. Froi’OR ri()N\i. (aiMRASSES. (Mg. 137.) proportio 7 i(tI 

compasses drawings may t)(‘ enlargcal or rediuaal, so that all tlu* lines of the copy, 
or the ar(‘as or solids O'pn.'sented by the s(‘V(‘ral parts, shall b(‘ar any required 
proportion to the liiU's, areas, or solids of tlu* original drawing. They also serve to 
inscaibe n-gular polygons in (inies, and to taki* the square roots and euhi) roots of 
numbers ; but the chief iiso of the proportional compasses is to reduce a draw ingin 
any given proportion, 'riiey c'onsist of two flat brass or el(‘('trum blades, having 
st(‘el points, and unit(‘d by a nut C, carrying a slider, wifich can be mo\ed along 
the whol(* length ol the groo\e of tlu* blades. On the face of each limbaia* marked 
10 divisions, denominat(‘d “ lines,” Circles,” “ Planes ” and ” Solids.” To set the 
instrument it must first be* ai'curately clos(‘d, so that the tw'o blades appear as one: 
tbe nut C b(‘ing th(*n unu rewed, the slider is moved until its zero line* coincides 
with any r(*quired division upon any of the scales ; tighten the screw', and the coin- 
pass(is an* set. 

To enlarge or reduce the lines of a drawing, —Set the zero line of the slider 
to one of tlu* divisions, 1, 2, 3, 4, etc., on the scale of lines, and the points A, B, 
W'ill open to the same, iloubh*, tripk*, four times, etc., the distances of the points 
D, E ; and conversely. 

To inscribe in a circle a regular polygon of any number of sides from 6 io 
. 2 ^ 7 . "Set tlu* zero line of tlu* slider to the given number on tlu* scab* of circles, 
open the points A and B to the length of any radius, then the points D and ¥. will 
pri('k off a polygon of that number of sides in the circle described with this 
radius. 

To enlarge or reduce the area of a dra7vtng. —Set the zero line of the slider 
to any number on the scab* of plans, and if the points D and K be opened out to 
the lengths of the several lines of a drawing, the points A and B will prick off a 
copy occupying so many times greater than the area as the number indicatt*s ; and 
conversely. ’ 

Jo take the s(juare root of a nu ))iher. —Set the zero lines of the slid(*r to the 
given number upon tlu* scale of plans, open the points A and B to t;d:e the number 
from any scale of equal parts, then tlu? points D and K applied to the same scale of 
equal parts will give the square root of the number. 


oi3Si*:rvation. 

“ Always wipe off the ink from the blades of the bow compasses and drawing pen after use. 
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T0 enlarge or reduce the contents of solids. Set tlie /(*ro line of the slider to 
uny number on IIk' s( tik^ of solid^^, tiw*n tli(‘ ilisianee bi'twiN’ii tin* points A nnd 
will give th(^ si(l(? of n solid of so many liiiK's iho eonteiit as the number indieates, 
of that of which a Iik(' side is givt n by thi* distaiiicc of the points D and K ; and 
conversely. 

Zb take the cube root of a number. -Set th(‘ Z(*ro lini* of the slider to tlic 
given namb(*r upon tln^ S('ale ol solids, and opening tlu' jioints A, lb to take' off the 
number upon any seal(‘ of equal parts. iIk* points D, l{, will then take olT the cube 
root of the number fnun the sauK' sc'ak* ol (Mpial parts. 

13. Ri:( ■]'\\(a/i AU lh't(>inA( tor. j^or a desc-rijition and use of this, as 

well as the semi-circular protractor {see Cliap. \ 1 . Arts. 37 40). Th(.‘former 

usually has, 111 addition to angular di\ isions, \arious suapk* diagonal st'ales 
marked on both sides of it. 

14. Sl'KAKlirr (Idg. 143.) The ligurt* represents a 6^ 

and a triangle. Th(‘ former is used to draw straight liiu‘s. and with the ludp of 
the latter parallel straight lines are drawn. p(‘rpendi('ulars ereettai on straight lines, 
etc. In using these it is of the utmost imj)ortanc(‘ to t(‘si the aciairacy of their 
edges and sei^ if tluy are quit(‘ straight. '\'he simph^st method of doing this is 
to place the edges ol both in contact and slitl(‘ tluun along isach othtT whWe lield 
up between the eV(^ and the light. If the* light is exeduded, lh(‘ed.ees are good and 
lit tor use. 

15. IkVRAi \A\\. Ixt’l.i-S. (hig. ) rhm'(‘ are various kinds and sizes 

of parallel rules, being as much as 3 f(‘(‘t in lisigth, maal for tht' purpose of draw’- 
ing parall(‘l lin(‘s, but the mo->t us(‘ful for short liiu‘s an‘ th(^s(‘ w hich an; 6 inc'hes 
long, made ol (.'bony or ivory. 'File coni man parallel rule {see h'ig. 138, a) 
consists of two straight ruk's, whit'h an* connec't(‘d tog(‘th('r, and alwavs main¬ 
tained in a parallel position by two equal and jiarallcl bars, whi('h mov(‘ frca'ly 
on their centn's. 'I'lie double parallel nile lag. 13S, h), is ('onstrucU'd 

on the sanus priiu'iple as tiu' above, but with this adv.nitage that, in using it, th(* 
moveable rule can always 1j(.‘ so plac(*d that its ends may Ix' exat tlv over, or even 
with, the ends of the llxed ruk'. wh(‘r(*as in tIu' foiuK'r thev an* always sliifting 
away from the ends of the first ruk'. d'he cross-b Tred parallel rule [see 
I"ig. 13S, c) consists of two straight luK's, joined by two brass bars, which 
(TOSS each oth(. r, and turn on their inters(‘ction a> on a ('entre ; oik' (‘iid of (.sacdi 
bar moves on a ('(.'litre, the otlu'r slides in a groo\(‘, as tiu; rules r(‘('ed(‘ from 
ea('h other. 

To diune a line parallel to a given right liu ' bv > ilher ol the foregoing 
ius 1 rnnients. - Si‘t tlu'edge of th(' uppermost lule to tlu' gi\cn line; po'ss the 
edge of {he Iowxm' rule tight to tlu* pa]ier with one hand, and with llu' other move 
the upper ruk', till its edge coiiu ides with th(‘ given point ; and a line drawn along 
the edge through the point is tli(' line required. 

A very useful and ('onv(*nient instrument is thi' rolling parallel rule {see 
h'ig. 138, (i), whii'Ii is a Hal r(‘('tangular rule of ivor)' or elei'lrum. It is supported 
by two small wdie(ds, whi('h an.' ('onne('t('d tog(‘ther by a long axis, the wheels 
being exactly of the ‘>ame size, and tli('ir rolling surta('(‘s hieing paralk'l to the axis. 
W hen thev are rolh'd backwards or forwards, tlu' axis and rub' will movi' in a din.'i'- 
tion paralU.'l to thems(‘lves. TIk' wh('('ls are somewdiat in(lent(‘d, to prx'vc'iit tlu'ir 
sliding on tin? paper. In rolling* th(‘s(' rub's, one hand only must be us(;d, and the 
fingers should be placed nearly in the middle of the rub' that one (aid may not 
hav(' a tendency to mov(' faster than the oth('r. d'h(.‘ wheels only should touch 
th(‘ paper when the rule is moving, and the surla('(‘ of the papi.*!* should b(.‘ smooth 
and flat. 

16. MaIvOTOI.s’ Stwi.r:. (lag. 147.) Tin.* set of Mayqnois Scales, usually 
made of wood, (aaisists of a right-angb'd triangle (of wdiic'h th(‘ hypotenuse 
or longest si(l(; is three times tin; lengtii of tlu^ shortest) and two re('tangular 
rules. Tile figure n'presi'uts the triangd(‘ and one of the rules, as b(*ing us(;d 
to draw a seri(*s of parallel liiuis. liither rule is a foot long, and has parallel to 
its edges, tw'o scales, one placed close; to the t'dge, and the other immediately 
witiiin iliis, liie ourer luang lermed the artificial, and the innc'r the naiuruf scale. 
The divisions upon the outer scales are three; times the length of those upon the 

6 
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inner scale, so as to l)ear th(' saiiK! proportion to (\a('li otlier that the lone;(jr side 
of thf? triaiii^h' l^.'ars to th(‘ s]iort(‘r. h^acli inner, or natural scal(‘, is in ft'ict a 
simply divuled sc'alr' ol (‘qii.il part s ha\iin^ the primary divisions numbered from 
the led hand tlirou^^hoiit th(‘ \vliol(‘ (‘\t(‘nt of the* riiU*. In the artificial scales, the 
zero point is placed in the iniddl(‘ of the ed-c of the rule, and the primary 
divisions ar(‘ niiinl)(‘r(‘d both \\a\'s Iroin th(.‘ ('('litre point (lutwaids. iLach 
division on this s('a!(' is tlinv tiiiu's tlie leiii^dh of a corrcspondiiii; division on the 
natural si alis The triani^h' has a short line drawn per|)(;ndicular to th(' hypotenuse 
near the middle^ of it, to s(a'v(- as an ind(‘\ or pointer; and the longer of the 
two sides has a l)(‘V(‘ll(‘d (‘dg(\ The* n'ctangular rule's Iiave numbe*rs 25, 30, 
35, 40. 4 v inaiie'd on (‘a( h S('a!e ; tlu'se* numbers simply shenv how 

many divisions tin* inch is divieh'd into on the natural se'ale* ; the artifu'ial divisions 
being thre*!* times the* natural divisie^n, we* are* (‘iiable'el by the methe'xl shown below, 
to draw parallel lines Irom J-,t!i to c.'otli eif an inch apart, or any multiples of these 
fractions. 


To draw a line parallel lo a given, line at a given distance from it. 

1. Having applied the giveai elistance to one of the natural scales, wdiich is 
found to ineAisLire* it nuist coin(*ni(‘ntly, jdace* the* triangle* with its sloped edge 
eroineaele'iit with the* given line, or rathe*!' at such a small elistance? from it, that the 
p(?n or peiK'il passes dire'ctiv over it, wlicii elrawn along this e.*dge?. 

2. S(‘t the* rule* ('!()'<'b' agsainst the h\poleaiuse*, making the* Z(*ro point of 
the ('orrespondiii!.;; arlilieial se'ale* eoincide* with the* indev upon the* triangle*. 

3. Move* the* tiiangle* along the? rule*, te) the* l(*ft or right, according as the 
re*quircd line* is to be? above or below' the* give*n line*, until the inde_*x coincides with 
the? division or subdix ision e'orre'sponding to the* number of (livisie)ns or sub¬ 
divisions of the* natural se'ale.*, whie h ineAisures the? give*n distance ; and the lino 
drawn along the* slope'd edge in its new position w'ill be the line* r(;*quire.^d. 

ly. SiA’ion. (higs. 144, i4(), J4ey) W ith the aid of the sector {see l^’g. 
144), all eiue'gions in proportion may be solved, lines mav be divided cither 
equally or une'qiially into any re*quire*(l numbe'r eif parts; the* angular functie'ins, 
name*lv, e'he)rels, sine*s, tangents, ete*., mav be* se*t olf or nie*asure'd to any radius what- 
(*ver ; plans and drawing-, may be* redue'ed or enlarge'd in any preqjortion that may 
be desire*el ; and, in sbort, e've'ry ope'ration in ge'oinetrical drawing may be? performed 
by the* aid ol this instrument and the e'()m|)asse*s only. It is a rule*r 12 inche?s 
long, and about } an ine li brexid, jointe'el in the* ('(‘litre, so as to alle.iw of its being 
folded together in the diree tion of its depth, and made of either wood or ivory. 
'The following arc the various lines and se'ales which are inarke*d on each side* of 
the legs :— 

(1) the lines oj logarithmic numbers, sines, and tangents, marked N, S, and 
T, respce'tively ; 

(2) a scale of 12 inches, in which e*ach inch is divided into ten equal parts; 

(3) a foot divi(l(*(l into t(*n e*qual primary divisions, c*a('h of whie'li is sub¬ 
divided into ten equal parts, called the* decimal scale, and placed on the edge of 
the instrument ; 

(4) a pair of scales of equal parts, e'alle*(l the Itnc of lines, marked L ; 

( >) a pair of lines 0/ chords, marked C ; 

(6) pair of lines of secants, marke*d S ; 

(7) a pair of lines of polygons, marked Pol. ; 

(8) .1 pair of lines of sines, marked S ; 

(9) tw'o pairs of lines ol tangents, marked T, one being up to 45° and the 
other to a lesser radius, exte.*nding from 45*^ to 73^. 

The line*s marked from (4) to (9) are called sect oral lines proc(?ed in pairs 
from the ce'iitre, one* line? of e'ach pair on cither le*g. (i), (8), and (9) appear on 
one? (ace of the? instiinnemt ; (2), (4), (5), (6), and (7) app(-?ar on the reverse face; 
and (3) appe'ars on the e?dge. 

A lateral distance is a distance measured from the centre along any sectoral 
line ; a transverse distance is a distance measured from a point in one line of a 
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pair of sectoral lines to the corresponding^ point in the other line. The most 
important scales, and the ones which are really of most s('rvi('e in geometrical 
eonstriK'tion, an^ the line of Itncs^ the line of chords^ and the line of pelvgons^ 
which ani below described. 

Ijnk ok I. To ileterniinc Ijhs of n line 2 inches long. (.SVe Fig. 

149.) Take the length of the line into the compasses, and having s(‘t (me point 
in the primary division which is numbered 7, (-)pen tin; sector until the other point 
of the compasses meets the eorresp(_)nding 7th primary division on the other limb ; 
then the distance between the two points marked 2 on eilhru* limb, is that requircal ; 
it will also bo evident that from 1 to i would - jth. 3 to 3 7ths, q to 4 —- iths, 
etc., of 3 inches. 

2. To find of a line 4'og inches long. (See I’ig. 149.) Sim'e there are 
only ten primary divisions, na-ourse must b(‘ had to the s(aa)n(larv divisions to 
solve this probkmi. In oiaka' to Ijring tlu‘ c'onstruction sonn^ distaiua' from the 
centre, which will ensure the a(a_airacv ol the result, multipU' th(‘ numerator and 
denominator of the fraction by sonn* numbea* which will m.ike tla* denominator, 
when so multiplied, near, but not greater than, 100 ; in this ease 4 i.s a convenient 

multiplita*; then ' 2 ’ x { ' talaai oil 4 0() iiudies in the compasses 

make that length a trans\(*rse distama* at tlu* s(aa_)ndary division 92, then the 
transverse distaiaa* at 36 will give the part r(‘quir(aL 

Link 01^' C'IIokds. 'I bis scale is similar to the oni‘ marked Cho. on the 
protractor, and is us(al for the* same* purj.)os(.‘; but the double scak;s of cliords on 
the sector are gcuierallv more useful than th(‘ singk^ s('al(‘ on tlu‘ j^rotractor ; for 
on the sec'tor the radius with which th(‘ arc is to b(‘desi'ribed may b(‘of any length 
betw'oen th(‘ transver.s(‘ distaiK'e of Oo and (x) when tiu* k‘gs an' clost'd.aiul that of 
the transverse of 60 and (x) wIk'II th(‘ legs an* o|)en(al as tar as th(' instruiiK'nt wall 
admit of; but with tlu' sc ak; on the protractor, tlu' arc described must ahvays be 
of the same radius. 

1. To lay down an angle of 46" {being less thin (xT). (.SVc big. 146.) 
Make the transverse distaiK t* of 60 and Go equal to tin* k'ligth of the radius 
of the circ'k;, and with that opening, horn any ])0)nt A as a c('ntr(‘^ describe the 
arc 1 : 1 C. Take thi* transv(.‘rs(‘ distanct* ol tlx' giv(‘n degrees 46, and lay this 
distance' on the arc from the' ]3oint 1 » to (\ Join A(.', All ; tlu' angle' CAU is the 
one require'd. 

2. To lay do7vn an angle of 14^ (he mg more than (ni). {See log. 146.) 
Describe the arc FCl), making the radius e_'((ual to the transverse' distance* of 60 
and 60, as before. Take the transverse distane'c ol .1 or A, (.te'., of tlie given 
number of degrc'es, and lay this distance on the are* twice*, or thrice*, as from I] to 
a, a to b, and b to D. Join 11 A, AD ; DAI) is the* angle* r(‘(|uired. 

LiNr: 01*' lM)I.V(;Oi\S. ddiis scale* is chielly use'd for the* re*a(ly division of the 
circumference* of a circle into any number ol c'qual parts from 4 to 12; it forms, 
thereforci, a ready means of inscribing rc'gular pol\ gons in a circle*. I o do this, 
set off the radius of the given cirede (which is always equal to the* side of tlie 
inscribed liexagon) as the transverse* distance* of 0 and () upon the* line* of j^olygons. 
Then the transverse distance of 4 and 4 will be* the side* of the* inscribed square; 
that of 5 and 5 the inscribed pentagon, that of 7 and 7 the; inscrilx;el heptagon, 
and so on. 

18. CON'l'KNTS Ol' A POCKICr-C ASK Or' IXS I Rt'Ml.NTS. (Figs. 133, 
138, 168, 185.) A small serviceable; pocket-eaise* of mathematical drawing 
instruiTumts generally contains (i) .a pair (_)f e'ompasse.s witli iixed pejints {see 
Fig. 133), (2) a rectangular protractor, 6" (sec Figs. 168, 185), and (3) a 
parallel ruler 6 {see Fig. 138, a). Those are all that are necessary for ordinary 
field use. 

19. Beam Compasses. (Fig. 183.) The be*am is of (*bony or other well- 
seasoned wood, from 2 to 4 feet in length, to whie'h are adapte*d two brass boxes, 
one of which is fixed to the end of the beam, while the; othe*r e'an be; made; to slide 
up and down, and be clamped to any part of it by a mill-lK‘ade;d senwv. The 
fixed box carries a steel point, and the moveable box a tube for hejlding a st(‘el 

S en or pencil point. Along the beam is usually inlaid a thin slip of brass or 
ox-wood flush with the wood, on which is engraved a scale of inches: unless, 
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however, the points allaelicd to th(" l)eani ar(‘ truly parallel to (^acdi other, it is 
clear that the correct leiii^th will not 1)(‘ indit at(“d on tlui scale, and it is priderable 
thendore to lueasiire dll iho u‘C|iiired distance on an independent scalce Meam 
compass(‘^ ai’{‘ v(m\' ii-eiul Idi" scttin;; oil perpendii'ulnr^ and measuring lonii^ 
distaiu't's riTpiired in layiiic; down co-ordinat(_‘ or graticule lines for the projection of 
large maps. 

20. Pl.OTTiNCr Ins I’RU.M!'N IS. Fora di'scription of plotting instruments 
and sc'ales, refer to (Chap. \ I). 

21 . Dkawinc. Fins. (log. ^ lo.) There are several methods of attaching 
paper to the drawing hoard ; one (»f the most simple' is hy means of draiving phis, 
which are meri'ly pressed through the' paper into tin.* hoard. The Driuviiig Pin is 
a small flat ( iiaailar pie('e ol nu'tal, with a moderately stout needh* point screw'ed 
into the centre of one sidtc 'riu- uppes' .sid(‘ of the head (.)f the pin should he a 
portion of a splieri', llu* (‘dg(‘s being linn, so as to lit' cl()st' to the paper, otherwise 
it will injure the T sqiiarv when pa-v^ing over it. d'he steel point of the pin should 
not h(' too much tapered, or it will ht' continually flying out. I^'or securing tracing 
paper, pins with large heads should be used. 


CHAPTKR VI. 

Scales. 

SIMPl.K SCALES. 

1. Scwi.t: OKI-iNi:n. A Sen/e is a eolh't'tion of I'ciiial parts used for measur¬ 
ing straight lint's and laying* down distances, teach part answ'ering for one fool, 
ont* yard, one tTain, tine mile, etc., act'ortling to iht.* unit assumed, d'hc greater 
the number of parts t'onlaint'd in an intdi, the smaller will hit.' iht* plan ; for instance, 
if tht' scale is i mile - - i inch, thtui a distance between two points whit'h is i mile 
wall be la'presenled on tht' map h)V a distance til one inch, and so on ; but if the 
scales is 2 miles --- i inch, then a dislanct' til i mile w'ill be repia'sented on the map 
by half an inch, and st.) on. 

2. Division or Sc.\i>i-:s. All si'ah's sluuild be dividt'd to units, tens, 
hundreds, etc., or else tenths, luindn'dlhs, etc. (det'imals)—wdiether of miles, 
chains, yards or feet, as may be rt.'quired. 1'hey ought always to represent a dis- 
tanct' wTich is a multiple of lo lineal units of some kind ; as 8o miles, 50 yards, 
100 feet, et('. 

'3. Sia^DIN'ISloNS. These* divisions art.' again subdividt'd according to the 
degree of minuti'ness stuight and art* t'allt*d subdivisions. Wht.'n one of the divi¬ 
sions is a foot, it may be dividt'd to me*asure inches tir tenths of decimals, as the 
distances r(*qiru(*d art' in feet anti incht's or in ft'et and tenths. Subdivisions are 
made as small as can be tdt'arly drawn anti distinguished. 

4. FNIl'oUMirv A e.KlVvr Kl-ot isirr. Scales shf)uld be uniform and 
convenient ; ft)r e-xample, 4 int ht's tt) 1 milt; and not 3’^ int'hes to i mile. In a map, 
a square int'h sht)ultl re]3res('nt an intt'gral number of square miles or acres. 
When areas are rt'quinal, tin* number of chains to the inch should be considered. 
A little care in the selection t)f a scale at the commeiicemi'nt increases the value 
of the map. 

5. Primary Dix iskjns. The primary divisions of a si'ale are the largest 
divisions marked thereon. 

6. SiMPLK AND l)i.\(i()NAL St'Al.KS DKClNl*:!). Scales are of tw'o kinds, 
either simple or diagonal. In tht; former the .subdivisions are made on one line and 
to the limit of distinctiu'ss ; in tlu' latter they are made on several lines constructed 
on the priiu'iple ('xplained in Ait. 2D, and may be carried to any degree of 
minuteness. 

7. CoNsnuK TiON ()i< SiMPi,]*: SCAI.K.S. Simple scales consist of any 
extent of equal divisit)ns, which are numbered and reckoned forwards from the 
second division on the left hand, to the right : o (zero), 1, 2, 3, etc,, and from the 
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same division backwards to the l(‘ft : o (zero), i. The primary division on the 
left is then subdivided into t(‘ii eqiiai parts, if it is desinal to eonstriiet a scale a 
multiple of lo. If then, these subdivisions be; taken as units, each to represent 
one mile, one chain, or om* foot, (t('., th(‘ primary divisions will b(‘ so manv tens 
of miles^ or of chains, or of fed, etc. ; if tlu^ subdivisions aie takc*n as tens, these 
primary divisions will be hundreds ; and, ii the primary divisions be units, the sub¬ 
divisions will be tenths. 

8. Mannf.r of 1)R.\\VIN(i Scali*:s. Scak-s are first drawm in pencil, then 
inked in. 

9. LI'NCiTH of Sfafk. In constructing a S('al(‘ consider first wdiat w'ill be 
a good length for it, so as to he abl(‘ to tak(‘ off it, at one; ini\asur(*inent, long 
lines, though not necessarily tin* long(‘st in th(* drawing, ddiis is done' by means 
of .simpk* proportion, as follows : — 

[(i) If in a scale of 5 feet to an inch, a length of 30 f(H*t is required to be 
shown, the ni'eessary kaigth wall be— 

as 5 feet ; 30 ; : I iiicli ; ^ =6 inclies, tin; required length. 

(0 If in a seale of 2 miles to an inch, it is required to show 15 miles, 
then— 

as 2 miles : 15 miles:: i inch: — — 7'5 inehes, the required 


(0 


length. 

If in a scale of 6 inches to th(.‘ mile, it is 
up to 6,000 fe(‘t, then— 

as I mile or 5,280 leet : 0 ,cx)o l(‘(‘t ;: 6 

iiK'hes. 


r(‘quired to show' distances 


. , 6,000 X 6 ^ o 

inches : , — 6oi 

5,280 


10. I\'ORV S( .VTJA (big. 16S.) A math(anati('al instrument box g(‘nerally 
contains a brass or horv senh' with (‘ight sim].)lv divided seal(*s niark(‘d on it. To 
adapt them to feet and iiudu's or ha-t and tenths, the first jirimary division on the 
left is subdivid(‘d into twelv(‘ (‘cpial ])arts on th(‘ lowin' lini* for the ini'hes, and into 
ten equal parts on the u|)]Der line' lor th<‘ tenilis. The scal(‘s an* of the following 
lengths* : i, , IJ-, .1, JJ, '|k s, caul 1 inch ; that is, 

I inch — 8 feet, or 1 inch — 8 t(a‘t, or i iiu'h — 8 f{*et. 



4 m S 

5 ^ 

6 ,, “8 

7.-8 
8 „ = 8 


M 5 M 
7 ” 


= 8 ,. 

= 4 M 
= 8 „ 
= l foot 



I ,, ml foot. 


To lay down 560, or ;-g), or ;v6, etc., from any one of these scales, 
extend th(‘ compasses Irom the primary division numbmaal 5 to the 6th upper 
subdivision, reckoning bai'kwartls, or towards tlu' lelt hantl. To take off any 
nuinbiT of leet and inches, 6 t\*et 7 nu'hes lor instanci', extend thi' compasses 
from the primary division nuinb(‘red 6, to th(‘ 7th lower subdivision, reckoning 
backw’ards. 

Some ivory scales havi' decimal diagonal sealers also marked thereon, the 
primary divisions of w'hudi are divided into inch(?s, o-inchi's, or ]-in('h(\s, wdiile on 
the reverse side there appears a 6-in('h redangular protractor. 

IT. Rfpri<:sI’.n I'A ri\'i^ hRAiriox. "fhe ratio w'hii'h the measununents of 
an object survi^yed in the iield liear to the ('orresponding measurements on the 
plan is denoted by a fraction called a Repyesentciti’ve Fyficlion. rhus, suppose 
the actual distance b(‘lw'(‘en tw'o olijects A and H was 6c) inchi^s, and th(‘y were 
show'n on the plan 1 inch ajiart. the ri'presentativi^ liaction would b(‘ that is, 
the I'epresentation ol tin* distam'e on paper is one-sixtieth of its magnitude in t c 
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* Other scales aro marked with the mimbeis lo, 20, 3.), .|o, 50, 6o, 70, and bo, 
the number of parts into which the inch is divided ; that is, on the scale of 10, tenths of an inch can be taken 
off ; on the scale of 20, twentieths of an inch ; and so on. 




46 aid to LAND-SURVHYINXf. 

field. So also, in a scale of 4 chains to the inch, or 4 chain lengths in the field 
= 1 inch on the paper, the representative fraction would be ^ ^ ^ ^ 

that is, the representation on paper is ene-three thousand onc^ hundred and sixty- 
eighths of the measureiucnt in the field. In other words, to iind the representative 
fraction of a scale, reduce both terms to a like quantity, as inches, place the 
lesser upon the greater, and simplify the fraction; and, conversely, if the fraction is 
given, the scale may be found. 

EXAMPLES IN SIMPLE SCALES. 

12. Examim k L Constnici a scale of ^ feel to an incli^ to measure jo feet 
(see Art. 9, a), and reading to a foot. (^Fig. 163.) 

Draw two parallel line's 6 inches in length and /r,th of an inch apart, taking 
the measLirenumts from a brass or ivory sr:i\r of im'hes. Divide thi' lower line 
into 3 parts, or primary divisi( 3 ns of 10 eai'h, then subdivide the hdt-hand one of 
these into ten equal parts (by Prob. \' of Chap. 1, Art. 9:). The primary divi¬ 
sions will then represent 10 fijct and tin* sul)divisions 1 foot, so any length up to 
30 integral feel may be taken oil. The line at the* right hand end of the sc'condary 
divisions is marked o (zero); the primary divisions are numbered jo, 20, from 
zero to the light of it, and of the subdi\isions to tiu' kdt of it, 5 at the middle 
and I oat tluM'nd ; the word expressing the units of tlu^ measure (in this case, 
feet) is written on the right, imuualiatc'ly afU'r the last numbm-, as without this the 
scale would b(‘ usek'ss. Now, to take j 6 fe(‘t ofl th(‘ scale': Ida (' one leg of 
the ('Ompasses on the' pi'imaiy division maiived 20 and the other leg on the sub¬ 
division niarkeal 6; the length iiududi'd betwea'n the points of the compasses 
represents 26 feet. 

13. Exxmplk II. Construct a scale of 2 miles to an inch, slio:ving Ig 
miles {see Art. 9, Z>), reading to furlongs. (Fig. 166.) 

S('t off a line 7'5 inches long, and divider it into 15 equal parts (by Prob. V 
of Chap. I, Art. 92) ; each division will equal one mile'. Subdivide the left-hand 
primary division into 8 c'qual paits, as there aia* 8 furlongs in a mile, to show 
furlongs, and the* se\ale* is compl(‘ted. Now, to take eiff the* si'ale 4miles 7 furlongs : 
Place one point n{ the compasses on the primary division marked 4 and the other 
point on the subdivision marke!d 7. 

14. h^XAMiu.r'. III. Construct a scale of 6 inches to the mile, showing 6,000 
feet (see Art. 9, r), reading to 100 fert, (h'ig. 167.) 

Draw a line 6 82 inches in l(‘ngth, anel diviele it into 6 e'qual parts (by Prob. 
V of Chap. I, Art. ejj) ; also subdivide the left-hanel division into tenths; each of 
the subdivisions shows 100 fc*et. 

15* Examim. r: IV. Construct a scale of (> feet to the inch. (Fig. i6e9.) 

Since 6 feet = i inch, the le-ngth of a primary division, or lo feiM, is equal 

te¬ 
as 6 feet : 10 feet : : 1 inch : ^ — r6 inches. 

d 

If 30 feet, or 3 primary divisions, are required, they will t'qual 1*6 X 3 = 5 
inches. 

Draw a line, and lay off on it 5 inches, taken from a scale of inches. Divide 
it into 3 equal parts, each will therefoi'e equal 10 feet; subdivich' the left-hand 
segment into 10 ('qual parts (by Prob. of Chap. 1 , Art. 92), each of which will 
equal 1 foot. Number as shown in the figure, and we hav(? a scale of tens of 
feet, with the left hand primary division divided into units. 

16. ExAMiM.r: V4 Construct a scale of 4 inches to the mile, to read 
hundredths. (Fig. 170.) 

Take AB = 4 inches and divide it into 10 (*qual parts (by Prob. V of Chap. 
I, Art. 92), then (*ach part is or o't of a mik'. Again divide the left-hand 
.segment geom(.'tri('ally into lo equal parts, txach of whic'h will be X i\), oro‘01 
of a mile. Lay off on AD produced, DC = one primary division. The scale is 
constructed as required. 
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17. Exampi.R VI. Construct a scale of 2 chains to i inch^ in links^ and 
also in chains, (Fii^. 172.) 

Since 1 inch represents 2 ('Iiains, 10 c'hains will be equal to— 
as 2 cliains: 10 chains : : 1 inch : inches. 

Take AI) — 5 indies, and divide it into 10 equal parts (by Ih'ob. V of Cliap. 
I, Art. 92), eaeh of w’hi('h will iherefon* be 1 chain or 100 links. In AH produced 
lay off HC = 1 of these parts, and from C to the rii^ht lay off distances of 1,000 
links or 10 chains, as many as may be n(‘C(‘ssary. Divide the left-hand primary 
division into 10 parts, then each subdivision will be of lOO links or i chain, that 
is, 10 links or (diain, accordinj^ to th(‘ upper and lowcT scales required. Number 
the divisions as in the hi^iire. 

18. Exampli-: \dl. Construct a scale of 5 chains to i inch, in feet, 

173-) 

5 chains an* equal to 5 X 66 -- 330 feet, and these are to be represented 
by i inch. It is nec(?ssary to asc(‘rtain what leni^th will represent a 
primary division of 100 f(‘et. 

f . • , looX I 10 . I 

. . as 330 h'et : 100 :: I inch : = - =:=0 303 inch ; 

330 33 ^ 

and if 1,000 feet an^ required to be shown, its length on the paper —0*303 X 10 
—3*03 inches. Mark off, from a scale.* of im'hes, BC = 3*03 inches, and sub¬ 
divide it into 10 (‘qual parts, each part will therefore — 100 f(*(*t ; produce CB to 
A, making AH- -a primary division of 100 f(M.‘t, and subdivid('it into 10 equal 
parts, eacli of which will equal 10 feet. 

19. Examimj{ \’II1 . Construct a scale of 100 feet to i inch, in chains and 
links, (Fig. 174.) 

Since 100 feet - i inch, .*. a primary division of i chain or 66 feet = 

as 100 feet : 066 fei‘t :: I inch : ^ ^ = o‘66 inch. 

100 50 

If a distance^ of 6 ('hains is required to be tak(*n off thi* sc'ale, its length on 
paper will - - o'66 X 6— 3 96 iiudies. 

Lay oft EIC 3 96 inches, and divide it g(*ometrically into 6 equal parts 
(by Prob. of Chap. 1 , Art. 92), (*ach of which will theiadore (*qu?d 1 chain or 
100 links. Produce CB the l(‘ngth of 1 piimary division to A, and subdivide it 
into 10 ('qiial parts, each of which will be o'l of a chain, or 10 links. Number as 
in the figure, and the sc ale will be compk'tc'. 

20. ExA-MIMJC IX. Construct (I scale of finches to a mile, in feet. (Fig. 

' 75 -). 

Since 5 indues = i mile or 5,280 feet, .*. a primary division of 1,000 feet is 
equal to— 

as 5,280 feet ; 1,000 feet :: 5 inches : =0*948 inch. 

5,280 132 

If a distance of 5,000 feet is required to be shown, its length = 0*948 X 5 =* 
4*74 inches. From a sc'ale of incdies, lay off a length BC of 4 /4 inches which 
divide into 5 equal parts, each of wdiich then-fore (*quals 1,000 ft?(.*t. Produce CB 
the length of one primary division to A, and subdivide this left-hand segment into 
10 equal parts, each of wdiich w ill i*qual 100 fec^t. 

21. Example X. Construct a scale of 6 inches to a mile, in yards. (Fig. 
176.') 

If 6 inches = i mile or 1,760 yards, .*. a distance of 1,000 yards, if that is 
the length required to be measured, is equal te¬ 
as 1,760 yards : 1,000 yards : : 6 inches 2^~ inches. 

From a scale of inches lay off AB = 3*41 inches and divide it equally into 
10 parts, each part equalling 100 yards ; on BA produced to the left mark off AC 
equal to a primary division or 100 yards, subdivide this into 10 equal parts, each 
of which will equal 10 yards, and the scale is constructed. 
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22. Examflr XI. Construct a scale of 3 inches to a mile, in chains. 


(Pig. 177.) 

Since 3 Indies 1 mile or 80 chmns, if 100 dimns is to be inensuied off the 
scale, it will equal — 

cliains : : 3 inches ; ^ ^ ^ — inches. 

80 4 


as 80 chains 


1 00 


Lay off a length HC of 3‘75 iiK'lies, and divide it into 10 (^qual parts, each of 
which therefore repr(.‘sents 10 ( liains; ])rodiiC(‘ Cl) the length of one primary 
division to A, and subdivide this left-hand s(^gment into 10 equal parts, each of 
which will be equal to i cdiain. Nuinbm* th(‘ divisions as in the figure, and the 
required scale will be made. 

23. MkasI'H1-:m1':nt nv inscfation. (Pig. 178.) In measuring any 
distance, say, of 3 64 feet, off a simple scale divided into divisions of feet and 
tenths only, the iiundnalths can be obtained by ?nspcctio)i; iox instance, in the 
figure, place one point of yoiu* compasses at the primary division 3, and tlu:? other 
between the 6th and 7th subdivisions, conceiving tliat subdivision t o be divided off 
into 20 equal parts, at the 4tli conccavcd division from thi^ 6th to the left, as if such 
a division had existed. 


DIAGONAL SCALPS. 

24. IhSK Dia(.onal Scalrs. W'lien a line is to be divided into 
equal parts, so numerous and minute that tiny would be indistinct, it is usual to 
construct a (iin^uuuil sca/t’, which is simply a plain one having th(‘ primary and 
secondary divisions constructed in the usual way, with iho addition of lines drawn 
according to the diagonal nu-thod, hereafter t*xplaim*d, lor iurther subdivision ; 
for instance, in the simply divided scales one of tlu' primary divisions is subdivided 
only into 10 equal parts, and th(‘ parts of any distance which are less than tenths 
of a primary division cannot be accurat(‘ly taken off from tlumi ; but, by means of 
a diagonal S('al(‘, tli(‘ parts of any distaiua* which an* th(‘ hundnalths of the 
primary divisions are correctly indicatcnl, as w'ill b(; understood from tlu- examples 
that follows 

25. CoNSTRi’criON oi<' Diac'.onxl S('ALr:s. (fog. 179.) To construct 
a diagonal scab—for instance, a s('al(‘ which w'ill read to tenths and hundredths. 
Draw II parrallel equidistant lines (ontaining 10 spaces of arbitrary liMigth (the 
whole usually measuring one inch) ; divide the uppermost of tluse linis into 
equal parts of the intended length of the primary divisions ; and through each of 
these divisions draw' perpcMidicular lines, which are consequently parallel to each 
other, cutting all the 11 parallels, and number th(‘s(' primary divisions i, 2,3, 
etc., to the right h(\ginning from th(‘ s(‘cond ; also writer the numbers 2, 4, 6, 8, 
up 7 Var(/s, at the left hand ends of the alt(‘rnate horizontals. Sul)divide the first 
primary division, which is on the left hand side, into 10 (‘qual parts, both upon 
the highest and lowest of the 1 i parallel linevs, and 1(4 thesc^ subdivisions be 
reckoned in the opposite direction to the primary divisions, namely, to the left 
from zero, as in the simply divid(‘d sc'ales. Draw' the diagonal lines from zero 
point below to the first subdivision above, from tht* first bc'low to the second 
above^ from tlu? second below' to the third above ; and so on, till a line from the 
ninth crclow to the tenth above is arrived at. Now' since any one of the subdivi¬ 
sions on the upper parallel is equal to any (me of the subdivisions on the low'er 
parallel, and the diagonal liiuN deidiiu*, in tlurir (Uitin* lengths from the perpendi¬ 
cular by intervals equal to oiu' of tlu' secondary parts, anxl because they arc cut 
transversely into i(3 other c‘qual parts by (equidistant paralkd lines, therefore (?ach 
subdivision is further subdivided into 10 equal parts measured along its corre¬ 
sponding diagonal line ; so that every diagonal line, as it reaches its successive 
parallel, separates further from its perpendiiailar by one-tcuith of the extent of a 
subdivision, or one-hundredth of the (extent of a primary division. 

26. Modf of Measl'RF^mknt. (hig. ^79 ) Taking the primary divi¬ 
sions to be units, to set off the number 5’74 by the diagonal scale. Set one 
foot of the compas.ses on the point wdiere tlie lifth parallel cuts the eighth diagonal 
line, and extend the other foot to the point wdicrc the same parallel cuts the fifth 
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VL^rtiral line. Haiiu 4 y, from o to o. Rrckoniw^ the prim.irv divisions to 

take ofl the numlxa' 46 7. l^\t(‘nd tin* ('ompasses Iroin tin* point wluM'i' the eighth 
parallel cuts th(* seventh diagonal to the point w hert* it cuts tlic lom th v(‘rTi('al 
naimdy, from to The piimary divisions heini;' Iimuirrih, to tak(‘ off thi' niimhi'r 
254. ]^xtelul tlu‘ rompass(‘^ from th(‘ point wlau'e th(' fourth j.vuallcl i iits iIk* v,i\th 
diat^onal to the point wIku'c it (aits tlu* st^aind \erti('al. nanu'h', from x to X 

27. (}l-XI‘'KAL KULl*: i'O lAKI- OM- AXV 'l'(') MIKM- l*IA(ls()l- 

M(iUKi-:S ueox A Dixcowi. Sc \li-. On the parallel indicated Ia the tlnni 
iii^aina nuaisiirc.* Irom the dia^on.il indicated hy the sccohd lii^maa to the vdrhcal 
indieated by the first. 

KXAMPid<;S IX 1 ) 1 A(]()XAI. S(b\LKS. 

28. IxxAMTl !•: I. Coush net n sca/c of (j niiit .v /o the inch, .sV/cTi'///;' fm tonos 
(ll'i^u)ually. (h'ii^. 180.) 

Ihajcaa.al as in th(‘ |)lain scaik*. Sinc(‘ 9 milds = 1 imdi. (x) miles is (ajiial 
to- - 

OoX 1 20 

as 9 mill's ; ()0 mile> : : I Jiudl ; 1=: =()()7 inches. 

9 8 

l.a\' oil from a sc.'ale ot iiudu's a line ecjual to o O7 inches, which divide into 
() (‘([iial parts ; eaidi part will tlu'ivlon.' h(‘ ecpial to lu miles ; di\itl(‘ the Ic'lt-haiul 
primary division into tenths, (*ach ol wliicli reprc'scMits one* miles Above this line, 
sima' it is ri‘C|iiired to show fmloni.'s or eii^hths oi a mile, draw' 8 (apiidistant ])arallel 
line's about oni‘-eiidith or one-tc'iilh of an inch apait. from (Ik* bottom to the toj) 
line draw’ perpiaiduailars through the* primary points ol di\ision. Subdivide' th(‘ 
left-hand segment on the' uppermost line' into lo ecjiial |.)arts. Draw diaeonal line's 
from zero belejw to the first subdivision above', from the' lirst subdivision be'low totlu' 
second above', from the scoend below to the'third ahoM*, and so on, sui'cessi\c'ly, till 
you arri\e at tlu' line.' drawn Irom the' ninth below' te) the'nth abeiNe*. Write'the' 
numbc'rs 2, 4, 6, 8, upwards, at the' ledt hand e'lids ol the alte'inate* hoii/ontaU, and the* 
word “ liirlonejs ” be'-^iele* the' limire* <S ; and be'low the'low’cst horizontal line iiise.Tt the." 
usual lic^ures^printiniMhe’ word “ mile's ’ on the* e’xtieme liidil. dh) me'asure' 2() 
miles 5 furlongs, aiiej 44 mif's 4 turlonxs, ])laee‘ the* points ot M>ur compas^e's at 
(I and /;, and .v and )' respe'ctively. 

2 i). Jv\VMiMJ<: 11 . CoNstr/K'l (I scd/e 0/ () Jt'id to the inch, shoiem^^ inches 
diiyoniUv. (hii^'- i8j.) 

Droe’ee'el as in (Art. 28), drawing’, in aelelition, four more' horizontal lines e'cpii- 
distant as be'fore. fe) measure' 47 le'e'l <) iiu'lies, j)lace the e'ompasses at p and y. 

j^XAMLLl*. 111 . Make a diagonal scale of u inches to a toot, to read to 

of afoot, ( f'iij:. 195.) 1 , 

If 2 inclies--^ i foot, 2 fc'ct, il that is the en’ate'st le'iii^th reejuireef — 

2 X 2 

as I loot : 2 lee.'t : ; 2 ilU'lu's :- -.— 4 iiledu's. 

Lay off a le'nr;th of 4 ine'he-s, and divide' it at !> into 2 e‘([ual parts, (‘ach of 
wdiiedi IS a primary eliN'ision eel i le)ot. Subehvieh' the' le*lt-hanel se'^nu'nt \ 1 > mte_) 
le^ ('([ual parts, each of which or 01 of a foot. Laralle'l to and eejiiidistant 

from Al) and e'aeh other eliaw 10 lines; also ere'e’t pei peneliculars A( and HD 
from the points of primary division. Divuh't 1 ) similarly to AL, and join the; 
diaL,u->nals. Then the smalle'st division will be* or o'oi oi a toot ; and a sc ale,* 
should be numbered as shown in the* figure'. 

To take off 1*45 fe'ct, ])lac(' the; poinis of the* com])ass(;s at w and i'. 

41. IxXAMlu.r' i\k Construct a diagonal scale of 4 ineln ^ to the niite, in 

yards, to read to lo yards, (hii;. 182.) 1 -r . ^ e , 

Sinee 4 inches - 1 mile, .u- 1.760 \ards, 2.000 yards, if that is the distane'c 

reejuired to be shown,-"* 

2,(OeOOX4 . . 

as J ,760 yards ; 2,000 yards : : 4 inches : — = 4 54 inclics. 

' 1,760 II 


? 



so 


AID TO LANI)-SUKVKVIi\(i. 


].;iy off a lon^^th of 4‘5.|- inchos, anil divido into 2 equal parts, cadi of which 
is a primary div'ision of i ,000 yards. Draw parall(‘l to and c'quidistant from tins 
line and eaVh othm* 10 lines. ^ Krei't perpendiculars AC, HI), from the primary 
points of division ; divide Cl) similarly to AH, and diaw the diagonals. I him the 
smalle^t subdivision will he 10 yaids, and the si'ale should be numbeiiMl as show'ii 
in lh(‘ lii^mre. d'o take off i yards, place the points of the I'ompasses at m and ;/. 

32. 1 C\\M 1 M. 1 ': \b Co)istrnct ii scale 0 ^ chauis io the nich^or 16 

inches to the mite, in links, (h ii^ 126.) 

If 5 chains or 500 links = i inch, 3,1^00 links, il lliat is tile greatest leiij^th 
required to be showai,== 

3,000 X I 

as 500 links : 3,000 links : : i inch : — C ini'hi^s. 

300 

Lay off a lemL^th of Cinches, and divide it into 3 equal parts, or primary 
divisions of 1,000 links. Draw 10 parallel lines, as bel iri? ; (Meet the perpendi('ulars 
throiii^di th(‘ primary points of division ; subduide tb(‘ up|)er and lowiT left-hand 
seiL^^UKMits into 10 equal parts, and draw tin* diae;onals. W rite in the numbers, and 
the si'ali* is ready. 

To take off 27'6o (diains or 2,760 links, pk'U'c the points of the compassi^s 
at a and b. 

33. AII':asohI‘..mKx\t in' its riM.x i lo.x. (loo-. 182.) Any distanre less than 
i(-) yards I'an be rstimated with suifuTMit aiaairacy on small scali^s. To obtain 
1,375 yards, for iustanc(‘, place tlii^ compasses at n and .v. 


VERNMKR SCALES. 

34. Csis AND toNSlKUi I'iON OT Xb'.RMl'.K S('Al I S. \huni(T Seales are 
sometim(‘s usial instead of diagonal si'ales. dlieir conslriu tion is similar to that 
of the v(M-ni(‘rs applied to th(‘ i^radiiated arcs of surve\iniL; and astronomii'al instru- 
miMits (vtr Chap. XllI, Ait. 11), the only dilhaiMiia? beiui;' that a \eriiier attac'hed 
to a plain scale is usually fixed, and not mov(‘abl(‘ as in suiviiyinr; instruments. The 
natun? of these si’ah's will be b(‘st understood from thiMi* construiiion. 

EXAMPLES IN VERNIER SCALES. 

35. h’XAMTl.r: 1 . To construed a scale of A? sho7V feet and tenths. 
(loi^. 200.) 

Let th(‘ scale be drawn in the ordinary wav, but subdivid(‘d throiie^hout its 
(Mitire l(Mii;th ; each subdi\isioii shows oik* foot ; set off to tin? left, on the upper 
line, a distance equal to 11 subdivisions. commenciniLj from the zero of the scale ; 
dividi^ this into 10 equal parts as in the liuure. Siiu'e ii subdivisions of thi? plain 
si'ale have bi-en divided into 10 equal parts on the vernier scale, each division on 
the vernier will represent ri of the subdivisions on the plain scale, and as 

th(‘se show' feet, each division on the \ernier will shmv I'l foot ; consequently the 
several distances from the zero of thi* scale to the sui'cessivii divisions on the 
vernii*!' will show' ri, 2 '2, 3-3, 4*4, 5*5, O'G, 7 7, 8'8, 9-9, and 11 feet, ddii* scalij 
is used thus :— 

L(*t it be required to take oft 26 7 feet. Subtract 7*7 from 26 7, the remainder 
is 19; place one point of the compasses on tlie 19th subdivision on tlii.^ uppim line 
of the plain scale, and the other on tin* 7th division of thii vernii*!'; this distance 
represents 26'7 feet. The reasoning' is obvious. Hesides havinij to take off 26 
feet, o‘7 of a foot more is required. 

As above shown, the distance from zero to the 7th division of the vernier 
represents 7 7 feet. lakeolt tliis distanci' and add to it w hatever may be required 
(in this case 19) to maki* up the distance sou2;hl. 

36. E.\AMl*l.l< II. To construct a scale of to shozu feet and inches. 
(Eig. 201.) 

The plain scale required for this will be precisely the same as that drawn in 
the above example {see Art. 35), but the vernier is different as twelfths instead of 
tenths have to be shown. 



VI. SCALKS. 


5* 

H(M(' t.ik(' I siihdiviMons on tin* plain s(\'il<\ divide' tlicin into 12 (^qnal parts; 
mr value' e)f oae'h ve'inie'r division will be' j:] i e)f a foot, />., i foot i ine'b, 

so tlu' st've-ral distanre‘s on llu- ve.*rnie‘r nu‘asiire*d from /rvn will show' i fe)e)t 1 intdi, 
2 fe'e't 2 inedie's, iiu'he's, and so (^n.- 'he) take' off 22 fe'e‘t 10 inedu's. Sub- 

U-act 10 fe'e't 10 inche'-; from 22 ire't U) ine lie's. 12 loi't are.' le-lt ; then the' distanve' 
fie^m the2 12th siihdiN ision on the* plain scale* te) the* lejth division eai thej ve.*rnu_'r w ill 
re^prc'scnt 22 fexH lea ine lie's. 

PROTRAC/rORS, PlJTrTlXG IXS rRl MKN'rS, KTC. 

37. Pi.OTi'iNd S( Ai I'S. (I'liir. 441.) Plol/tii^ sCiilrs, also called bevelled- 
edge scales, are,* straight rule's, made* of ive)ry en* bo\w’e»o(h and are* usually aheiiit le) 
e>i 12 me he_s in le nj^th b\ ab()u1 an imdi m hrejaelth. h.aedi rule* has se'ale_*s e>l c'C|ual 
parts, eU'e imally diviele;d, plaea'd upon its e*dye*s, whie'h are* maele slopini^^ sei that the* 
e*xtre*mitie's ol the* stroke's markini; the* divisions may he* ede>se‘ te) the* *pape*r. The* 
primary divisions re.'pre*se*nt e hams, anel the* subelix isions, consoqiK'nlly, te'ii links 
e'ae-h, as the*rej aiv \oo links em the* surve*yini^ chain. Pleittim; scale's may be* prev 
cure_'d in sets, e*a('h with a eh(te*re*nt numlu'r e>f chains te) the* ine'h. d he* ael\anta'>e*s 
e.)f this arrangome'ut are.*, that the* distaiu'e's re'quire.'d e-an be* transfe'ire'd with i^rcat 
e*xpe*ehtie)n Iroin the* se'alc to the* pape*r by the* aid of the* prie'kim;- pexint aTone, 
and the marks elciieitini;' the* dixisions are* in no danger e)t he'e‘e)mini; ele*faea'el, as 
upe)n the plain semle*, by the* fre'(|ue*nt applie'ation e")f the ce)mpasse*s. d'he'v are* 
alse) maele* e)n e'arel-hoard. Smalle'r se'ale's, eamsistiiio' e>f the* same* male*rial as tlie'ir 
e-e)rre‘sponelini^' plotting s('ale*s, are fri'que-nlly preivieh'el in the* se*ts aliove* re*fe'rre'el 
te). 7 hejy are* about txx'o iiie hes long and an inedi broael, with the* divisieins e'emi- 
me'iH'ing at the extre-me e^nd e)f the* se'ale*, and are* similarly diviele*el te) the* pleitting 
sexdeis. Thus on a se ale* of 2 e'hains te) an inch, the* eifise.'l will e'onsist of fe)iir 
primary divisions of i chain, e)r -}e.) subelivisions e)f le) links e*ae'h. 

h or setting oh e)ils(_*t elistane'es, the* large*r (e)r pleitting) scale* is laid ein the? 
e'hain line, w’hile ihe smaller (or e)ffse*t) se'ale* is made te> sliele* up anel down, te) the* 
right e.)r left, ae'cording as tlie plotting scale is iixe'd, and the* re'quire*el pe.)ints tints 
plotted. 

38. Ol-1-Six r SCAt.n. (Idg. I<^ 4 *) The* (igure* rt‘pre*se*nts a e'ontrivane'e* for 
aiw;/^'.s'c/ se'ale ; the* e'reiss scale* P> sliele's along the* se'ale A, the* \vhe)le* le'iigth of 
the groeive*, anel at right angle's to it. The* graduations e)n l)e)th ihe scale's re'pre'se'Ut 
eithe'r feet e)r links or e)the*r unit e)f nu'asure*me*nt. To applv it te) use*: plae'e* the* 
scale.* AA e)n the pape'r, paralle*! to the* line* on whie'h the* oflse-ts are* to he plotte*el, 
and at such a distance that the ze*re> elixisieui on the cre)ss se'ale* P (whie'li is plae'e*el 
about its middle) may coine iele* xxitli it as the se'ale* slieles along, anel alse) tliat the 
/e*re) of the scale A may he exae tlv opposite that e*nel of tlie* line* at xvhie'h the 
ine*asurenient e'ommene'e*el ; then, in sliding the se'ale* P lre)m the beginning of the* 
line*, ste)p it at every divisional line* on A e'orre*sponding to the* elistane'e* on the^ 
station line* at whie'h an ollset was taken, and lay off the e*\ae't length e)f the* offset 
from the ealge* e)f the se ale 15 , e*ither te) the right or le'lt of the* statie)n line, to whie'h 
it w'ill b(2 at right angles as take'ii in the: lle'ld ; the* instrument tlnis gives both 
dimejnsions at the* same: lime*. 

39. Gi.JN rixK’S SCAIJx. Gunter s Scale is a brass scale 2 feet in le*ngth, on 
wTich is placed a scale: of ine'hes, xvilh a cexmhine'el ine'h and half ine'h diagonal se’ale. 
It is convenient to use it in plotting long elistance:s wTich cannot be measured on 
the ordinary 6-inch protractor. 

40. Protractor, (log. 185.) The Protractor is an instrume*nt used to 
lay doxvn an angle containing any numbe-r of de'grt.*e*s, or te) lind how many de.*gre:es 
are contained in any giyen angle; it is sei called as it pre)trae'ts e)r le'ugthe'u.s the 
lines which form the angle. It is made in twa) shapes ; the llrst, that of a seniicircley 
as APC, divided in its'arc into 180 equal paits or degrees, having a double row 
of figures number(*d to the right and left; the see'ond and more modern, that of 
a rectangle, as abed, usually made of ivory or electrum, 6 ine'hes long by i inches 
broad. The div^isions forming tlu* degrees are laid as accurately on the* one as 
on the other, as will be see'ii on an inspection of the figure. In the middle of 
the chord forming the diameter is a fine notch the centre of the c ircle. The 
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edi^os an‘ b(‘vrllecl off Wno so as to admit of acaaiiVK'v in use. Protractors are also 
mmb* circii/ir. d'hos(‘on card-board, known as the “ Ordnama' pattern.” and 
divided to (juarter-doi^ri‘t*'^, ai(‘ tb(_‘ b(.''^t d( iiption. 

41. To ( ONsi KIJ( I' A Sr.MK IK( UI.AK Pko' 1 R \('1 ()U. (h ii^:. I‘'^4 - 185 .) 

()n anv diaiiu‘t(*r Al> {see hii^. IVS4) d<‘S(*iib(' a s(‘inuiicie, and divider it into two 
quadrants bv drawini^ the radius ()(' pc'rpiMidicular to AP). I'rom th(‘ points A, R, 
and C, with the radius of the* S(Mni('ir('l(‘. intersect the circiimfcM-cMU'e in 1), 1 ^, G and 
II. thus dixidiiii^Mt into six e(|ital ])arts of 30” each. Draw the cliord AC and 
ptapendieiilar to it th(‘ radius OK, bis(‘ctini( the arc (R) as also the quadrant in 
K. Set off (jK or KD round tlu^ circumhuiaua', and thus divide it into .ar('s of 
I |]v triseetinL;' anv on(‘ ol th(V';(‘ (bv trial), arcs of 5 '^'^ll 1 ^^‘ obtanual, one of 
whii'h inii-.t 1)(‘ subdi\ided (also by trial) into livi' (‘qual parts to arrive at arc's of 
i'\ d 1 ie protrac tor inav then lu* complet(‘d. as shown in (IM14. 1S5.) It \s\\\ havc^ 
b(‘(‘n obser\(Mj that after laTlini;-arc's of 15”. the lowcu* subdivisions are obtained 
bv trial ; this, if ('andullv done*, would b(‘ sullicacMitly a'a'uratc* ; but Ic^ss risk of 
cM'ror, with prol)ablv i^resatm* csxactnc'ss, would result by layini.^ oif the arc's by nu'ans 
of their c'hords obtaincal from a sc'ale of c'hords. h'rom an inspia'tion of (h'ii^. 185), 
it will bc‘ scNMi that a 1 ec'tan^ular protrac'tor is c'onstriictcal by ‘-imply drawino- thc‘ 
diffc‘n‘iit radii so as to intcu’sc'ct the (*di;c‘ ot a rec'tan Ic' placed on thc‘ diamc'tcM' of 
thet semic'ircLilar protractor, svmmc'tric'allv with refcaeiu'c' to the t'c.‘ntr(‘ n. 


APIMJCATIOX Oh' 'rilK PROTRACTOR d'O PSK. 

42. PiU)ni.l'.M I. J nii})ihcr of dr^'roes ^n'ven, to profrifct or toy 

itoivn on :y//osc nirtsnre sho/I hr iqnol there to. (hii^c i-d) 

To lav down an ane[le of 140 dcy^rc'c's Iroin the* point O of anv line.' OA, applv 
the' diametCr ol the protiac tor to the line 0/\, so that the' c'entre thc.'rc'of may c'o- 
iuc'ic.!e exactlv with tlie point O ; thc'n, with a penc'il or pin make.* a line' dot at I). 
aL,ciinst 140, upon the* limb ol the* piotrac'tcir ; no'.v remove the.* protractor, and draw 
a line* from (_) through this dot, and the' aiude AOD c'^^ntains the* i^ivt'n numbcM' of 
deerc'es. 

44, Proui i‘.\i II. To find the nmnher of decrees contained in a ^iven 
an^te ACjI). (hii.,^ i) 

Place* the* c'c'ntre ol the protrac'tor upon the* amndar point O, and the diametc*r 
c'xac'tly iipcui the line* OA ; then the* dc.'iO'c'c* upon the* limb that is c'ut bv tin* line* 
Ol) will be* the mc*asiire ol the; i.;ivc‘n aui^lc*. whic'h. in the* prc*sent instanc'c*, is found 
to be* 140 clc‘^rc‘c*s. 

44. PROIU.RM 111 . From a ^hen point (), in the tine OE, to erect a per¬ 
pendicular on that line. (h'ii.,c 124.) 

Apply the' protrac'tor to the line, (.)A, so that the* c'c*ntrc' may c'oincidc* 

with the' point O, and the* division markcal gc_) ina\ be* c'ut by the* line* OhP, 

thc*n a line AR drawn aiLjainst the diameter of the* protrac tor uill bc^ perpcaidi- 
cular to OK. 

45. ( iKCiu.XR Pk()1R\( i c)r. (h is^. 186.) '\ihv circnlar protractor \<s a 

c'omplc'te i;racluatc‘cl c'irc'lc* AA c'onnc*c'tc'cl ^^ith its c'c'utre by 4 radii, a, a, <7, a. ' It 

c'arries 2 move-able bars c, c, at one* i;xtremity ot which is a pinion d workim^^ in a 

rack, and at the cither a iixc:‘d vc_*rnj(_*r, whic'h subdividc's the primary divisions c;)n 
the protrac'tor to sin<;ie minute's, and by estimation to seconds. liach bar has 
a branc'h e, with a steel pric'kc*r at its end. riiescj prickers make the necessary 
puncTures in the papc'r. 'To use* the* instrumc.'nt, set the vernier to zero on the limb 
and then plac'c* it on the papc'r with the c'ontre ovi'i* the station and the 2 steel 
points on the ^iven line* (from whenc'c; otlu-r angular lines are to be drawn). Now 
turn the pinion d till the opposite* vc*rnier O'ads the rc'quired anidi*. then prc'ss the 
branc'hes c, e, lightly, whic'h will causes the* stec'l points to make punc'tures in thc^ 
paper at opposite; sides of the* c'irc'le In this manner, at one* setting of the instru¬ 
ment, a grc;at number ol angles, or a c'omplete circular protrac'tor, may be laid off 
from the same point. 

46. CiR(Ui..\i^ r.vi.( pRc ) i i\A('I'OR. (hig- iqC^-) a very servic^eable pro¬ 
tractor can be made in the following mann(*r, especially for licld-work Draw on 
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he nolind that ll)i' licarln^ fnmi tlif Iasi point Used, nr G, will fall exactly into the 
lirst, or A, the h niflli of the Iasi line (iA also eoineidini; with the measured distance, 
\\'lll('h ('loses tile plot. 

'rii(‘ smaller si/e l anl protractors (bavin;-' the (le-^iav divisions marked inwards 
alom;'the l)oi(!<'r of the outer ('ireU', instead of being drawn (Uitwards along that 
of till' inner circle, as shown in h'ig. ;^55) may be usefully (unployed in laying 
down minor siir\’<‘\'s (4n separate' slu'ets ol papc'r. boi let it now l)(‘ recjuiriMl to 
plot an iinclt^sed traverse* siir\ey [se^' big. on the* same S('a 1 e as for the elo.sed 

OIK*. naiiH'lv, 5 ('hains - i inch, tla* bearings and uistani'es ol the various chain 
liiK'S being as follow s : 
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east and wc^t at right angles to this. Pku'e lh(‘ paper protiactor in position oviu' 
A, and lay souk* heavv weight (*n it that it mav not bi* mslurbt'd. With a prickea' 
Ol rme-point(‘d peiu'il mark (ill tlu* be/aring ol the 1st line All on th(‘ paper against 
the two o|)j)ositt' |)oints ol the protKU'toi* at iIka reading of kjO' 05^. In tlu.* same 
wav lav oil the two opposite points for eae'h of the read,ings 21 '' y) and 13S" 25', 
tin* bearings rt‘spe('ti\elv ol tin* and and yd liiKcs, 1>(.' and Cl). Removes 
th(' protoK'tor, and draw straight line's through 1 am! 1, 2 and 2, and through 
and p : if the work has bee'ii ae'e'urately done, all the'se* line's will pass (‘xactly 
through the* ('('litre'. Next, on the* first line' 1 aiul i plot off \'our measured dis- 
taiK'e' AH, of i()‘.|() ('hains. to S('al(‘ ; ge't your parallel ruler on 2 and 2, and run it 
(town to H ; draw a straight line through this point in the dire'e'tion of (^, which 
protracts the' bearing ol H(. , and se't e»(l on it, ae'e'on.ing to si'ak*, tlu‘ length IR', 
or lo'yO I'lains, which fixes the* point ('. Again se't your parallel ruler to p and 
and run it down to ; diccvV a pe'iie'il line' through this point in the direction of 
I), which gives also its be/aring; on the line ( 1 ) lav olf the'me'asured (listance 


y'PI chains, with se'ale*, by which the* pe^sition of 1 ) will be' fe und. This carries 
us be'yond a convenient range' lor our staitini;-|)oint at whie'h the' protrae'tor was 
lirst laid. Now through the la'>t found point I), draw north and south, and east 
and we^st line's, as betore, paralled re'speetive'lv to the* one's lirst elrawm, and lay 
down the jirotiaeteu' in the same manner. Ke'pe'at lu'ie' the' proe'e'ss gone through 
at the* station ot oiigiii, thus obtaining the positions e)f the* points If and K. La.stly, 
lay cown the* jirotrador at b, go through the* operation as belore*, until the po-sitiems 

ol the |}oints (1, II, and j are* obtaiiie'd. In this manne'r a small e'ompass survety 

may Ik* both e'xpeditiouslv and ae'curatelv jdotted. 

4S. T S()Ls\Ri' .\M) Skmk iK( ui ar Pro 1 RAC'1 OR. (b^igs. 187, 199.) 

Hy me'ans of a T square anel .semie'ire'ular ])r(')trae'tor (see big. 187), a survt'y can 

be' most e'xpe'eatiously as we'll as aceiiratelv plotteal. 1 he T square? is made w’ith 2 
narrow [dc'e'e's of wooel, one of about 2 h'et in length and the ethe'r i foot, bedng 
we'll lixe'd toge'th('r in the lorm of the* le'tte'r F. d he* shorter end of the? rule 


slii e's along the? e'dge of the* drawing board, it having a projecting shoulder for 
the* |)iiipos('. It is a most perk'ct kiiiei of paralle'l ruler, and by the .straight edge 
of the* protrae'tor {ste big. 199) being applied against its long (?dge, is capable 
(d (.ui\ing the protractor over the* whole of a sheet of plotting paper of any 
size', and imi> be* use'd upon a table* of any form. It is e'onvenient to suppose 
the woik on^ the le'ft-haiul and tlu* upper edge of the blade to re'pre.seiit the 
meridian 01 the station. It is clexar therefore? that angle's take'n wath a theodolite 
or othe*r instuime*nt can be transf('rre?ti to the? plot as accurately as the protractor 
can be se?t. ^ 
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4g. I()8.) 1 ht‘ l\t }i filler it ph^ an inslniiiKMil iis(‘(l 

for copying maps on the s('al(‘ oi tin* (»ri:;inal. or tor roiauar^^ aiul cnlar^inR’ tlami. 
Il consists ol tour rules, Al>, AT, l)l\ aim 1^1, U'-iialK’ in.u e of ])rass. I lie 
two lon‘4‘(‘r riiKu's, Al) and A( , aii‘ connei'ted tojj't.aln.T liv. and lias’i* .i motion 
round a I'entrt* at A. I lu* two shorter niKus ai(‘ connechsl m like ni.niiier with 
ca('h oth(‘r at h, and with th(‘ longer iiilm's at 1) aim h . and, lieiim' ecpial in 
l(‘ngtli to th(‘ poitioiis AD and AlC ot tI k* longer rulers, tonii wit h llumi an aceuia.ti* 
paralleloenun, ADhl^, in twery | osUiou ol the in-anmient. I Ik* arms AM and Dh 
arc i:^raduat(‘(.l and marki'd .1, . and have' eacli a slidini; iiu ex, whicdi can he 

iixcd at any of the* divisions hv a millecMieadiaudampini,^ scicwn , siu'n in t lu* diagram, 
'rile slidinc^ indices hav(‘ ea(di ol tlKuii a tube, aiiaptc'd either to slid.<' on a pin 
risiiiij; from a heavy cin ular weight (valKsl tin* ////c>7//y/, or to i'im cm’vi' a slidini^' 
holder w'ith a pmmil or pmi, or a hlunt tracing:; point, as ma\' h(' uajuiren. d he 
////V/ 7 /W is a leadt'ii w’i‘ieht alioiit winch th(‘ wliok' iiislruiiient turns, th(‘aims 
Ikmiii;' supjiorti.'d hy ivory castors whudi inn iu'elv in an\' diristion. Ahovi' 
th(‘ [lencil soc'ket n a small cup into wdiicdi shot can hi* thrown to im reasc‘ tI k; 
pressure of the pencil on the papm* il requinsk hut this ouejit to hi‘ avoidisl, 
if possible, as lieavv pencil marks cannot lx; i‘aal\' luhbcxi out and onlv (iisHeun; 
the j)lan. W'Ikmi the iiistrumi'nt is ('orox tlv set. the //,/.///;>'/)<7/r/7 and 
will, from tin* prop(;rtv el similar triaii'dcs, he m e//c stiai^dit line, as 

show'll by the doltixl lmt‘ in th(‘ liiniKy which is divid.edi at (i in the ratio recjuiied. 

W hile th(‘ point D, tlK'O'hire, \> I'arrical aloiitf the houndarii's ot anv lir^ure, the 
interm(‘diat(‘ point (t will trai'e out a similar li^ure, nxiucixl in the proportion ol 
I)C to l)(r or of M \ to Ml), the proportion r(‘Cjuii(‘d. 'Idle (iiaeram re|)res(Mits 

tin; pantaeraph in the act of ftuhiriiiii .i pkiii to the scale' ol hall the original, 

h'or this purpos(‘ the sliding;' imiie'es an* first (daiiqx'd at tlu' ('ivisioiis upon tlx; 
arms markixl ,V ; tlu' Irae'iii!;' point is tlu'n lixeti m a socket at (". over tlx* original 
(Iraw'ind ; tlx' I'x'iicil is ix'xt pl<ic(‘d in the* tube ol tlx' sliiiiiii;- iixd'x upon tlx' ruler 
l)h' ov(‘r th(' paper to n'l'eive' the ('op\' , and the luhaum is fixed to that at M, 
upon th(‘ ruler AM, fhe liistnuixMit heiiiii; now' ivad\ lor use*, it tlx* trae ini; peiint 
at C be passed (I(‘li('ate*ly and ste*a; ilv ov(‘r e*v(‘r\ line* eil tlx* plan, a true* e opy, but 
of oix^-half th(* se'ale* eil tlu; e)rie.'inal, will lx* maike*el by llx* peix'il eiii the p.iper 
beneath it, 'Fhe line tliivad repre*s(*nt(*el as p<issine; liami tlx* |)e'ix il quite* remnd 
tlu* instrum(.*iit te.) the trae inij; point at (\ enabK“s tlx* draiie.htsman at tlx* tracing,' 
point te) raise the pe*ne'il from tlie pap- r, whilst lx* jy-isse-s tlu* tiac(*r lieun one* part 
of tlu; e)ri;j;inal te) aixither, and thus jirevent laKe* lines lre)m lu'iiii^ maele* on 
the t’opy. If the* e)bi(*(d were* to cnPir^'t' llx* ebawini;' te) elemble* its scale*, the n tlx* 
trae'cr must be* place'e.1 upein tlx* arm Dh, and llx* pe-imil rit ('.aixlit lhe*e'e)pv 
we‘re‘ re*quiie*el eef tlx* same* si/e* as the* e)iiem.ik (he*n tlx* slielin^' iixiie'e-s still le-mam- 
ino at the* same* divisie)iis upon Dh'anel ,\M, tlx* lulenum must lake* tlx* mielede-slalieen, 
and the pe*ncil and trae-im^ ])e)int tlxese* on llx* e*xle*r!e)i aims, AM aixl A(.k the; 
in.st runient. 

Gkmcral R\]\¥.. -To reduce a (IraK'liig. lAile-nim een AM; j)e-iu/il on h’D ; 
trae er on JiCk 

To enlarge a droi\:nip‘^. Frae-ei eeii FD. pe*neal e)n h,( ; lule’ium een AM 
To oiokc a ropy on t/ic Siinic sco/o e^s• ihe oni^iouL f ule'ium een Dh ; pe*ix.‘il 
on HD ; tiace'f on ACk 

Krre)r.s are'se) inue*h ine'ie*ased by e*nlare:'inL; plans with the* Ikinta^raph, that 
it ouijjhl not te) l)e* re*se)]te*el te) whe*re* ae'e'Uiacy IS le (jlliIe*ek 

'Flu* Pantaeiaph may be* se*! te) re*elue'e* ehawiniL;s in tw'e) ways, teTiix el le e'h- 
nically, the Erect nuuuicr anel the* Reverse niumier. 

in the erect manne*r of .se*ttini; tlx* ManLe^raph, llx* le-eux'e'ei e'opy will app(*ar 
e*recl ; that is, the* same* way upwaids as the* e)!ie;inal. llx* fuleaum is place-el on 
tlu* leui^if rule* AM, and tlx* pe-ueal e)ntlx* shoit rule* Dhk ddiiis se*l, tlu- instTiiment 
W'ill re*(dx (‘ in any e)f tlx* -iycii pie)pe)itie)ns en-iaxce; upe)n llx* lule-s, iX)! e*\e'e*e*e:ine:- 


" I ho oni/inal iiivciil' T of llii> n-'*sil nr tniis.-iit i n *1 rv n f ly kn« svn ; .. . ■ 

tract, piil>lislu-a .ihouL the N..i: m I, Xy j.--I’t •..l! r . nl-i I d *‘ I'.mta-r.ipl n c - ivr i • nov-,'i 

DclineviiKli.” 'Ihe* piiiuisks.in- * lU-s id-nt t<. .s nry p* on-O rn i.m : lls* i.s-e l,;nnc ,.l < siiO ■ mm, 
improved by Mr. W. Jone*s, inj^tnimcnt-maUer. Holhorn, in the \e*ar 17S'’. Another mstninierit Hbcd lor the 
same purpuse as the Paiita^raph is the Kidograph, for a desciiplinn eif whicn {see Art. ^0). 
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Table of rcilucli^us by ///■• Pa>Tnor,ph in the hvitU manner. 



ill lh(‘ rc^ierse niaiiiK'r of llu* rantai^'iapli, tli(' copy will appc.ir 

i(‘V('r.s(‘(l, or iip.sii'o (!o\\n, to tla* oiipnial. 'Tho luKauin plaooil on llio shoit lulc 
1 ) 1 ', aiu[ till' priK'il on tlio lonp^ lulo xMl. I liiN .sol, llio insliiiinonl will rodiioo m 
any of (ho i^ivon piopotlions oiiJLpavod iij)on (ho iiilos, up lo lull .si/i‘. I ho follow¬ 
ing lahlo i^l\os (ho ioa( in:,;^ ol (ho ins(riimon( which accord wi(h (ho royoiso 
so((in^-: - 

’/'ab/r of redmtieim by the ran'aey aph m the Kcmts** manner. 
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II it wore icqiiirod to produce an onlaiiL^od (’opy with (ho Pantai^raph, (ho 
pencil and (rai'or would ha\o (o ( haiuj^o places, as holoro said ; the jiiopinlions 
i;ivon in (ho ahov<’ (ahlo.s would of I'ourso road the same. 

50 . hai)()(..;Ai’ll. (I'i;^. .^ 9 --) I lieis a far superior instiiiiiKait 

(o (ho Ih'intaorapli, boiiiL;- luoio oxac( in i(s work, and is used for proidsoly the same 
|)uiposo. ddio j)oint of suppoit when the instrunioni is a( work is a heavy way^ht 
shown at 11 , Ironi (he under sk!o of whieh tinee or four piojec(ini^ needli; |)oinLs 
li\ (he instiuineiU lirnily to the drawing papei. Sprin^in:^-friiin this W(‘ii(hl is a 
shoit stancaid or Idikruin, attaehed to .1 slicing;- box K, in wdiich slides the ('enlie 
beam (\ and to any part of whiidi it may bi‘ clamped by means of a clampini,^ 
screw'. At the ends ot the ('entral beam an* two pulley wheels | f, (he ceiitie pins of 
whii'h revolve in socke'ts at (he enils of the beam. Two steel bands, II, attac'hed 
to the pulley w'heels i^dve them an exaiily .simultaneous motion, and these 
Ijancks ha\'e a screw .Uijustment L, by nieans of winch (hey may Ix! (lightened. 
1 lie arms A and 15 are matle (o slide lhioUjL;h boxes under the pulley wheels, and 
may be (damped at any piopoition ol (heir leiii^ths in the sanu; manner as (he 
central beam (' may be made to slidi* and clamp in the box K. Th(‘ arm B 
(\arries a tracini;- point (i. and th(‘ arm A (\ariies a pencil point 1). The piMicil 
iiolder may be laised by means of a cianked lever \\ attaidusl to a cord K, wdikdi 
passes ovi r the ci'iitre beam, and (hence (o the traidno-pc,ln( (b Tin* two arms 
and the beam c.re divided into 200 equal parts, whiidi are heuied 100 each wav 
from the centre, anil may be read lo i, 000 th by means of the M inieis on the 
slidin^^ boxes. Then? is a loo.a weight wdiicli may be attached wdien the instrument 
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has been set, and the object of which Is to steady it when there is a "reat differ¬ 
ence in the proportions to which the Inslruinent is being worked. 'I'lie pulley 
wheels, which are of exactly equal diameter, give the e.isies't possible motion. To 
bring the instrument into adjustment, let the verniers be set to zero, which will 
bring them to the centres of the arms and of th(> central bexun ; place the arms at 
right angles to the beam, as near as can be guessed with the eye, and make a 
mark with the tracer and pencil point, and turn the instrument round so as to 
bring the pencil point Into the mark mad(! by the tracer ; by doing this the tracer 
will be made to move exactly to the mark previously made by the pencil, if the 
instrument is in adjustment; if otherwise, the error in difference shouhl be bisected, 
and the adjusting screws on the b;md should be moved until the tracing point 
comes exactly into the bisection. 

The divisions upon the hadograph do not positively indicate the reductions 
required to be performed by the instrument, but merelv give a scale, which, with 
the assistance of the vernier, divides the b(‘am and arms into i,ooo parts. 'I'o 
obtain the quantity to which the vi-rniers are to be set, it is necessarv to apply to 
the following table of proportions relative to divisions, or to the Rule immediately 
thereafter. 

Table for rcducitif^ or e?tlaroinj^ Proportions. 


Proportions. 

Divisions on Pars. 

Propoiiions. 

Divisions on Bars. 

_ 

As I is to 2 

3V33 5 

1 

As is 

to 3 

.»() 

>» ^ » 3 


” ;■ ” 

5 


» I ,) 4 

i (h) 

p ^ p 

\ 

14->85 

p I p 5 

(lO'Ofi; 

» 3 P 

5 


» 1 p 

1 7i-r« 

p -1 p 

S 

1 ri j 1 

n 1 p 7 

i 7S 

p .S p 

6 


pip ^ 

; 77*7/« 

p 0 p 

7 

iS 


» 1 » 9 I 


1 p 7 p 


»> I M 

I SeSrS 

'1 

p p 

0 

5 'S 82 


Ride jar finding the quantity equal to any given proportion for the setting 
of EidograpJi. Sul)tract one sum of the ])roporli()n from the oth(‘r, and multiply 
this difference by loo for a dividend. Add the two sums of the proportion to_L,mther 
(or a divisor. The quotient from the workin;^ of this will givij the number to which 
the beam and arms are to be set. 

Example l : Let it be required to reduce a drawn'ng in the proportion of 

3 5 - 


5 — 3 = 2 
X 100 


5 + 3 =^8. 8)200(25 

The centre beam C is to be s(d to 25 on the side neanst th(i pencil point D, 
the pencil arm A is also set to thi^ 25 nearest the pencil point D, and the tracer 
arm B is set to the 25 furthest from the tracer (}. If it wow required to enlarge 
in the same proportion, each side would hav(* to be set at tlu* opposite 25. 

Example 2 : Let it be required to reduce a plan of 5 feet to the mile lo a 
scale of 3 chains to the inch. 

FirsL there must be like terms ; hence to rediu'e both proportions to feet to 
the inch, which will in this instance be the simplest way, proceed thus : 

5 feet to the mile = 88 feet to the inch ; 

3 chains,, „ inch -= 198 ,, ,, ,, ,, 

198 — 88 = no 
X K)0 


198 + 88 = 286 ,286)11,000(38*392 
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CIIAITKR VII. 

Map Drawing. 

I M M’ A vhip i'^ rppn'-^entation of the surface of the earth, or of any 
nart of ll,\lr:iwn on paper, on ulurli all the lines or clistanees, as far as the differ- 
cnee of the Mirface perinit>, h(\ir the same propoition to one another as those in 

Pi \x a plan is a drawing which shows an object in its horizontal 
dimensions only. ^The term is usually appliinl to large scale maps, such as are 
constriK'ted foV engiiKRTing or other purposes. The common maps of ('ountries 
aiul cities are plans! Im-oiii a map of Purina you can lind, by tlu^ scale on it, the 
distaiua? l)(‘t\\een Kangoon and iMoiilmein, or the length of tlu^ Fegu-Voma range 
of mountains, hut no application ot tht^ compasses will enable you to obtain the 
height of those mountains or lh(^ depth of thi‘ sea. 

CoNSrKi'c A M\e. T(^ construct a map of a district or country, 

consists in making on paper a figure similar to the district, and representing, on a 
smaller scale, the promint'ut objtH'ts on its surface. 

4. Si/1'. oi' Mai' ni ri-MMN'r ox Scai.k. On a slua^t of paper 2 feet 
square a map of the whole world may 1 h‘ drawn, showing the I'ountricN, priiu'ipal 
towns, rivers and mountains ; and on another shta^t of paper of the same* si/e, a 
map of only a circle, a small portion of a district of country (for instance, the Yun 
circle of the Rangoon district), may be drawn, on which can be shown, in di^tail, 
the villages, cultivations, pat('h(‘s of jungle, creeks, roads, etc. d he scale of tin? 
maps must of cours(‘ nei'essarily In^ very differt'iit ; the former being on a sc'ale of 
1,000 mil(S to an iiK'h, and the* latter of i mile to an inch. 

5. L\X’l)-Si’n\'l'Yi.\(r. A plan cannot be drawn until actual measiirenu'nts 
of country have been maiKc The making of these measurements by means of a 
chain or angular iiistruim'nt is termed Surveying, and La)i(/‘surveying is the 
measuring, with a view to subsequent delincsation on a map or plan, the boundaries 
and forms (d natural and artiiic'ial obji‘cts on the surface of the ground, ascautain- 
ing and fixing tluar relative positions, and finding the superficial content or area 
of each part, and ot th(‘ whokc 

6. AecrRATK Dktaii.s rf.xdkk Pi.an vaia'aiu.k. All surveys arc 
essentially composial of details, and the greatiw the accuracy of the detail the 
more valuable the siiiwey. Hence great care is lua'essary in transferring on paper 
the portion of ('ountry surveyed, and in the management of the drawing instru¬ 
ments. 

7. \ ARiors r)i:s( Rii'Tloxs OF Si rvfv. There arc several descriptions 
of survey, 'fhe Trigonometrical Survey, which constitutes an extendcal system 
of 1 riarigulatKMi, or a network of triangles considcTed either plane or spherical, 
according to the nature and iinportam'e of tlu^ W'ork under survey. The term Topo¬ 
graphical Survey impli(!s the measurement and delineation of the natural features 
of a country and the works ot man thereon, with the object of producing a com¬ 
plete and sullicic'ntly a('curat(» map. Injing free from boundaries of properties, the 
piincipal lines of opmations must conform to the features of the country and ob- 
je( Ls to b(^ surveyed. The peculiar province^ of a Revenue Survey is to define boun- 
daiies of estates or properties, wath a view' of obtaining accurate areas of land for 
revenue purpos(.‘s. I lie L adastrul Survey is a Jield-by'field survey, or a Revenue 
. urvey on a larger scale, purely for revenue purposes. The Tomi Survey, for the 
saiua.) of a town. A River Survey, for the survey of a river, Vi District 
Survey^ for the survey of a district. 

b. R 1.1 iU'..si'.XM A 1 ie)XM)F IliCKiirr. Objects having elevation can only be 
expressed on a flat surfac(i, sucdi as paper, by means of shade, and this can only be 
done ot bodies w hose forms present (dther slopes or curves. A hill which presents 

.s opes can t lerefoie be expressed on a ground-plan so as to convey an approxi- 

M it is not possible to give the appearance of 

a ion o a building because its walls are perpendicular. In reality, this is a 
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matter of no consequ(?nce wliatevcr, for tht! mind at once connects the idea of heiijjht 
with churc'hes, lioiises, etc. ; and the mt‘tliod of shadini;' hills t‘nables us, at the 
utmost, only to form a loose judgment of their h(‘ight as compared to (vich other, for 
there cannot be determincid by it the actual elevation of any single hill. W hen, for 
any particular object, it becomes necessary to dettu’imne th(‘ actual elevation of any 
point above tht^ sea, a river, etc., it can be asc*ertaincd eitluT by or by 

vertical observations witli a theodolite. 

9. rill^ajRY or' Shading. The theory of shading supposes the light to 
fall vertically upon the hill in parallel rays ; aia'ording t(^ wliii'h ste(*|) slopes, 
receiving those rays at a more obliqu(‘ angle than more gimtle ones do, are 
illuminated in a less degrtM‘ than th(‘ latti'r, and must be slunMi in a plan by 
a darker shaded ; while such portions of the ground as are hori/ontal, and con¬ 
sequently receive the* rays of light pcu’pendicularly to tht‘ir planes, being thus 
illuminated in the greatest degr(‘(‘, arc* left without shade* in a plan. Practically, 
the shading can never be so i‘\act as to enable us to measure by it the positive 
height of a hill. 

10. Horizontal Disi axc ks shown on Pi an. (log. 189.) All dis¬ 
tances shown upon a plan are jioriconlal on(‘s. loir instance*, the* sloping linci IIK 
of the section, which is the* hypote‘nuse‘ of the* right-angle*d triangle HKiS\ is repre¬ 
sented on \\\it ground-l)Utn be‘low by the hori/ontal line* UK, whiedi is e‘qual to HN 
in the section, and in the same way, Mil, a precipitous fall in the* se'ction, only 
occupies thti spa('e* Irom M to ll on the* ground-plan. Thus it is se.*en that the 
height of mountains or the* depre*ssi(Ui of valle*ys ex(*rcise*s no iniluence upon the 
situations of objects in a plan. 

11. HihchITS riH'KRRLD Ti) Sk\ Li-VKL. The.* mean level of the sea 
{see Chap. XV^ Art. 33) is, in large survews, considered as the.* hori/ontal plane, 
to whie'h all me*asurements are reduced. 

12. KxiMti'SSioN oi' Sloim-.s nv Shadil (iMg. 189.) Slopes are 
expressed by means of shade—made* light or dark according as the.?y are.* gentle* or 
steep. The .section in the iigure* represents ground of varied characte*r ; 
A is on a level with the seM ; from that point the* hill has a ste(‘p ris(j to C, 
from wheM'o it is more gentle* as far as I); at K a desce*nt be.'gins, and 
continues to P, from whe*rei there is a ste*e*p slope.* to (j, and so on. d he 
shading of the gnnind-plan agre.*es \sith the section: for instance, that from 
C to A is darker than betwen-n 1 ) and C. From I) to 1 ^ the ground is 
level, and there*fore no shade* appe*ars. 'Hie slope* Irom K to l\ be*ing gre*ater 
than that from 1 ) to C, is shaded darker; h(i b(‘ing st(*eper, is made darker 
still, and the de:e*p shade from M to I> is e*qual to the shading of both ot the 
slopes LK and KH. 

13. Hill .shadki) by Pln or I>rlsh. The shading of hills may be 
performed by using a black-lead pencil, with a pen, by washes of Indian ink. 

14. \'i*:rticai. and Horizontai, mki hod.s 01- i-.xi’rils.sing Inclina¬ 
tion. (Fig. 192.) There are* two modes of e*xpre‘ssing iiu'linations of ground 
with the peai ejr lead pencil, name*ly, the vertical and hort::ouial mann(*rs. Jh)th 
styles are emiployed in India and llurma ; but the Atlas She(*ts of thes(.* (‘ountries 
will eventually be shaded vertically. The hori/ontal style* marks the.* e'ontours of 
hills by waving lines, each line continuing on the same leijcl while following every 
undulation of ground. 

15. Raitd way of rf.frk.sf.nting Hills. The most rapid way of 
expressing hills upon paper, is by shading with Indian ink, by means of two camel- 
hair brushes, one to lay on the tint, and the other for softening it down. 

16. DLSlT).Srn(;)N of LkHTI' and Shadf. As In^fore* said (in Art. (9), the 
rays of light arc supposed to fall vertically upon the ground, and thei degieje of 
shade used for expressing hills depends on the greater or less gradations of their 
declivities ; that is, the more the .slope of a hill recedes from the: horizontal, the 

darker must be the shade. 1 • i .1 

17. Kind of Paper suited for Drawini.s. The paper on which tlie 

drawing is to be made should be very hard, new, of good quality, but not too 
highly‘glazed, and should present as smooth a surface as possible. Ayt ^ng 
that tends to destroy the surface. sii:h as erasun*s, excessive rubbing witn India 
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rubber, washing, etc., should be avoided as much as possible. India-rubber 
should be used sparingly, and pressed very lightly on the paper. 

i8. DiMi'.NSiONS Ob' J)KA\viN(i Draining paper, properly so 

called, is made to certain standard sizes, as follows :— 


Demy 

... ... 20 inches by 

i 5 i Inches. 

Medium 

22} „ 


^7 5 3J 

Royal 

• •• *•« fj 


J9l 3 , 

.Super-royal 

... *7 4 0 


3 , 

Iinpcri.il 

• • • • * • * 5 ^ 


■22 „ 

Idephant 

... ... -S ,, 



Golumbier 

• •• ••• >> 


33 

Atlas 

... ... S4 j> 


2(1 „ 

Double elephant 

... ••• 4*^ j» 

99 

27 33 

Antiquarian 

... ... ^3 

99 

„ 

lunperor 

... GS „ 


4« „ 


Of these, Double elephant is generally the most useful size of sheet. Demy 
and Imperial are the other useful sizes. 

19. Right siDt: ol Drawing Paper. There is hardly any perceptible 
difference between the two sides of drawing paper. To tell therefore the right 
side of it, upon whit'h plans, etc., are to bi* made, hold it up to the light, and the 
side from which the naiiK; or tradt‘ mark of the maker, impressed thereon in water 
lines, is seen direct, is thc^ right side. 

20. SEi.iHTnoN Ob' Lead Ih-NClES. In seeding black-lead pencils for 
use, c:are must be taken not to take oik^s that are too soft, nor so hard that their 
traces cannot be easily (.‘rased by india-rul)l){a'. Kit her an F or an II should be 
employed, with a inoderat(*ly line piunl, and when used should be gently pressed 
on the paper, and slightly inclined in the direction in which the line is being drawn, 
care being taken to kciep it, throughout the operation, in the same position with 
reference to the ruler. 

21. Prilservation of Drawing Papi:r. Drawling paper should always 
be wTappcnl in flannel, and k(;pt closed up in a tin case, to prevent its being 
alfecte(.l by the dampness of the atmosphere ; otherwise it soon spoils. 

22. REST(.)RA ITON OF DAMAGED DRAWING PAPER. Tho following 

W'ill be found a good recipe for restoring damaged drawing paper. Take a 

wash composed of one drachm of isinglass sti^eped in two ounces of w’ater 
for 12 hours. Then simmer it for 15 or 20 minutes over a fire. When 

nearly ready add of common alum, in powder, twenty grains ; strain through 

linen for use ; apply it wluai tlie paper is on the drawing board, and damp, 
and work it on, with a flat brush ; when dry, wash the paper over with water, 
which will indicate wdiether a second wash of the above is necessary. When 
the paper is thoroughly recovered, \vash it well with plain waiter and a flat 
brush to take off any superfluous isinglass, absorbing the superfluous water with 
a chain linen rag. When thus prepared, the colours can be thrown in as safely 
as on good paper. 

2,:;. Prep.\RA'I’ION OF INDIAN Ink FOR USE. In diaii ink, free from grit, 
carefully rubbed up with water, then with a cork, and above all not too thick nor too 
thin, is to be used. One or tw'o trials, by drawing iwo or three lines on a piece of 


OB.SER\ ATION. 

* Sizes of books Arc As follows :— 

4 patjes = 2 leaves = i sheet Folio, 2A 


8 3, 

- 4 

33 

= I „ 

Quarto, 4 to. 

j6 

=: 8 

51 

= I .3 

Octavo, 8 vo. 

24 3 , 

5 = 12 

33 

= I 33 

Duodecimo, i2mo. 

32 ,j 

r: 16 

js 

= I „ 

Sixteen mo, ibmo. 

3 b „ 

= 18 

33 

= I 3. 

Eighteen mo, iSmo. 

48 „ 

= 24 

33 

— ^ 33 

Twenty-four mo, 24mo. 

b 4 33 

= 32 

33 

= 1 „ 

I'hirty-two mo, 32010. 

9 b „ 

.,8 

33 


Forly-ei}.;ht mo, 48010 


The size of the pa^e will, ol course, depend upon the size of the sheet, which may be either—Double 
elephant, Atlas, Columbier, Elephant, Impeiial, Super-royal, Royal, Mediuiri, or Demy. 
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waste paper, while the ink is prepaivd, will (Misiire a proper consistency 

and the requisite (lee;ri'(‘ of hlacknt'ss. Indian or ('hlncs(‘ ink, whit'h alone 
is used foi the printing and inking up of maps, sliould always be nibbed up fresh 
for use. 

24. MouNriN(r Drawing Paprr on riii'! I'Ioard. ndnie I'omiuenc'ing 
a drawing the first thing to be dom* is to prepare the papier, that is, strelidi it 
evenly upon the smooth and Hat surface^ of a drawing board, d'he paper must 
prior to this be thoroughly and (equally damped with a'sponge and clean water on 
the opposite side from that on winch tin'd rowing' is to be mode. \\ hen tlu* papia* 
absoibs the watc^r, lay it on the drawing hoard with the wettcal side downwards, 
placing its edges as nearly as possible parallel with those* of the board ; otherwise’ 
in using a I square, an inconveaiiene'o may he fed. \ejxt, lav a straight Hat rule*!' 
on the paper, wath its edge* about hall an iiudi fre)m, anel parallt*! to, e)ne‘ e)f its 
edges. Hold the ruler linn and turn up the* preqe-cting half inch of pape'i* along 
its edge ; tlien pass a brush wath goe)d streeng paste ejiua* or twicer alenig the* tiirneei- 
up (idge, after w'hich by slieling the rule*r enx*r the paste-el bonier the papew will 
again be laid Hat, and the; ruler being pre‘sse‘el lightly on it fe^r a little* time*, that 
edge of the paper wall adhere; to the* beaanl. Similarly paste* the e)pposite* eelge* of 
the paper on its side of the boanl ; and so also with the* ie*malnlng third and 
fourth edges. 

25. Caution as 'ro TUK DRYINX’. 01- PAri-R. 'bhe* wa*tting eif the pa])e‘r 
is for the purpose of e;xpaneling it ; and the e.‘dge*s beang Hxe;el te) the boanl in its 
enlarged state, act as stretche'rs e)n the paper, while* it e*ontracts in elrying, whie*h 
it sheauld be allow'ed to de) graelually in the shaele*. Ily this mexins all la'eaise's or 
undulations disappear from the surface, anel forms a smoe)th plane te> ree-eive the 
drawing. If possible, the paper after being stretched on the* board she)uld be 
allowed to stand for 3 ew 4 days before use. 

26. Joining SiiiGcr.s or Paim*:r. In joining two shea’ts of pape'r together, 
by overlapping, it is nece-ssary, in orde*r to make a iK'at joint, to fe‘athe*r-e*flge e'ae'h 
she^et; this is elone by caredully e’utting with a knife* hall-way through the pa|)e“r ii(.*ar 
the celge;s, and on the side^s which an* to ove*iiap e*ae'h othe;r ; the*n strip off a 
feather-ealged slip from e*ach, which be‘ing elone dexte;rously, the edges will form a 
very iiexit and eHi('ie*nt joint w'hen put together. 

27. MlYflioD 01* HOLDING CoMLA.Ssi-S. (b'ig. 136.) Ill Using the com¬ 
passes, the.;y should be held at the* top be*tw'e‘en the fore'fmger and thumb, with eine 
or more rmge*rs under the hinges to incre*ase; or eliminish the elistane e* be'tw’ee'ii the; 
points gradually or without a je;rk. G^ire must be* take*n that nei pressure is em- 
pleiyed with the compasst's, so as to make big holes in the paper, e'spe.'cially so in 
the drawing of circles with regard to the* eamtre. 

28. 'Mannkr of u.sing Till* Drawing Pkn. In order to use the 

Drawing Pen, first of all, diji the blades in water and then wipo the outside 
surfaces dry ; theMi w'ith another e;lean pe*n or piece of paper lake* up seime 
ink and insert it between the nibs. Hold the \wn firmly against the ruler, 
slightly inclined in the direction e)t the line to be; drawn ; be* e'aivful to make 
both nibs touch the paper, to preserve; an even ])re‘ssure‘ and the same* positie)n 
of the pen with regard to tlie paper anel ruler throughout, anel a slow' but 
equal motion along the; ruler. The pen she)uld aUvays be cleaned and diied 
before being laid aside. 

29. Damping of Papkr not a nfc essfiv. Paper is not invariably 

stretched on a draw'ing board for the purpose of e‘xecuting a map 01 e)thei 

drawing on it. In rough plans it w'lll be suHicient to pin the diawjng 

paper on an even table, without putting it through the piocess of damping, 

pasting, etc. .n, ^ , • 1 i 

30. SCALF. of SurVFY fO HF FIRST FiXF.l). The lirst tlung to be done 

towards the execution of a drawinji on paper, is to determine tlic sciiic to whiCi a 
survey is to be plotted ; that is, the proportion which the actual dimensions of the 
drawing shall bear to those of the object it represents. Drawings arc made on 
various scales, according to circumstances, depending upon conven,en.ee or porta¬ 
bility and reference, and also upon the minuteness or largeness of nuhvidual parts 
of the object. 
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31. Sr \M':s IN ('.RNi-KAL TSir The followiiiij; are amonij the scales usually 
adopted for the special objeaMs referred to :— 

I inch == 8 ...| hor <aeoij;raphical maps on small 

’i =4 .. ...) scales. 


. ( h'or extensive surveys of country 

.general topographical fea- 


inches i 


inches ^ I mild or 20 


r hor surveys of towns, cantonments, 
chains ) lar^e estates, and for village surve^ys 
,, ) as now ('onduct(‘d by the Revenue 

(^Survey of India. 

f For a lield-by-lield survey of cul¬ 
tivation, for citits, estates, villages. 


. , 7^1- etc., whii'e pathwavs, tanks, roads, 

vnehes I imlc or chains . , / 'ii ^ r 

_ ;:;i •{ nous(‘s, gardens, wells, etc., are dis- 

” ” ” tinctly delineated. These scales arc 

adopt(.al by the Cadastral Survey of 

India. 


40 inc/us — I mile 01*2 chains C P'orplans of buildings and grounds, 

64 ,, := I ,, ,, i] ,, ^ wher(‘great clearness is required and 

80 ,, = 1 ,, ,, I chain (^when th(‘ work is of limited extent. 

2i)l inches i mile or 200 feet. • • 

4 _ J hor engineering purposes, owing 

g j 1 , " ” - ” to tlu‘fai'ility they afford for decimal 

■' = ■’ ■■ 5" ■■ .alouhtions 


32. StWi.KS RKFKU TO iTNEAi. MKASiJRKMFNTS. The of a draw¬ 
ing has referemai to th(' ])ro]:)ortion of its lineal magnitudes to those of the object; 
it has nothing to do with superJicial magnitude or ar(‘n. This distinction should 
be borne in mind, for supi'rfu'ial magnitiuh^ incn.Mses or diminislas much more 
rapidly than lineal magnitude. In drawing doni^ to a scale of on(‘-half full size, 
for example, the; lineal dimensions are drawn one-half tlu'ir actual magnitude, 
while the suptu'llcial area of ea('h part is reduced to onc-fourth. 

33. Ri-ason for drawinc; Scarf on lb, an. (Fig. 115.) The scale 
should aheays be drawn on tbe plan, bei'ause the paper is liabli‘ to alter its dimcai- 
sions through hygrometrlcal changes of the atmosphenc (‘specially so after it has 
bi.'cn removed from tln^ bijard ; but such changats would not signify if the scale 
wen* drawn as mentioiKal, since the s('ale and drawing would be equally eff(‘cted. 
Witli moisture paper expands, wli(‘r(.*as with h(‘at it contracts. Let us take, for 
instance, two points A and R on the papia* 4 mil(_‘s apart, the distance between 
whi(’h is mi'asuRal from olf a brass scale; of 1 mile; 1 iiu h. Now let us suppose 
the paper exposed to niglit dew, it becomes moist, the paj)(‘r thereupon expands, 
and A and R are situated as appears in the lower dotted line of tlie ligurc;. If 
the distance b(; now iinjasiired with a pair of ('ompasses between the two points and 
referred to the brass scab*, it will be found to hi; 4*2 incht's. Again, suppose; the 
paper exposed from its damp state to gn_*at Inaat, it at once contracts and A and 
]-> appear as shown in the upper dotted line of tiu; iigure, and if the compasses be 
applied as before, it will bi; iound to measure 3’8 inclies. If, on the contrary, the 
scale is drawn on the map, the scab* and drawing are then (;quallv cfhaTcd by any 
hygrometric clianges in the atmosphiae. Hence, the necessity for drawing the 
scale on the plan it refiTs to, is apparent. 

34. Whfrk wScAi.!-: IS TO wv. i.Ain DOWN. Having determined on the 
scale, it should be laid down for use in a convenient spare part of tin; paper. 

35. Spacf TiiF 1 )ra\vin(. wifi. ()C( i'fv to rk FSi'i.MATF.i). A rough 
estimate should be formed of the spaca; which tin; drawing will occupy ; and for 
this purpose, it is suTn/umt to take the extreme dimensions of the object in tlm 
plans in which it is to be drawn. 

36. lb..V( iN(r (OF NoR'rii Point. (Fig. 114.) In plotting plans, the 


OKShKVATlONS, 

• Tlic'■calc deicrmini'd npuii by ibc Intcrnallimrd Oeograpbical Congre.ss for the preparation of a 
map of llu’ woild w.is ol i : i.ooo.ooo, cquiv.dcnt to 1578 milcs^ 1 inOi. 
t Tlu^ is tli(.‘ natural scale ul 
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north point sliould be pliu'cd upwards, and a drawiiiij representing; the dir(M:tion of 
the Magnetic Needle should Wt made on eitlu^r tiui West or l^ast edge of the paper, 
as may be convenient. 

37. Vakiaiion op riir: Compass to nr: shown. Alaps and surveys 
may also have the direction of tlui meridian laid down, with the variation of the 
compass. 

38. ShRN'KY 01«' DierAlL RKC.ULATIH) by ScAIJ: DI/niRMINKI) ON. The 

scaki to he adopted in plotting a surv(‘y dep(Mids upon the amount of (UTail it is 
desired to showa hOr ordinary (Tain and compass surveys, a scale of 400 feet to 
an inch will be found ([uiPi Iarg(.‘ (‘noiigh to show all obj(M_'ts of importance. Using 
this scale, an an^a of about 2 srpiara* miUs will lit into a sluvl of paper measuring 
40 inchc'; by 27 inches. In a \’illag(* Surv(W, or th(i like, a sc'ah^ of 5 chains to 
the inch = 16 inches to the uh\e, will give an an‘a of 2^^ acres in a square inch on 
the plan ; that is, a slu'ct (T paper 30 im'hes by 22 indues, alhnving an inch round 
for the border, will contain an an^a of e.xactly 1,4(20 =: 2j-‘'(. squar(.‘ miles ; so 

that an area of 2 square miles, provid(‘d of course^ it is not a long narrf)w^ strip of 
land, can be well show’n upon it. The scale should invariably be lix(‘d bcdorii the 
survey is commem'ed, as up(jn the scale will d(*p(-‘nd the d(‘gr(‘e of minuteness to 
be observed in measuring offsets, etc., and the class of objects to which offsets 
will be taken. 

39. Pl( 3 r riNG. Tlu‘ lu^xt thing to be done is to make a drawing of the 
survey on paper, which process is called plotting. 

40. * Piarn LNc; A (TiAiN OR 'riiKonoiTTK Survey. (log. 113.) In a 
chain or th(-odoht(' survey, as all th(_* surface.* has been di\'i(I(^d into triangles, each 
triangle is si^oarately plotted. Next, lix upon a ])art of the papeu* w'lu.Tcon to lay 
dow'n your starting points, so that your othcu* points may all fall within the paper. 
Tak(^ a ('onveimuU (iirection to represent tlu^ first line and mark on it the distance 
as m(‘asured in the fadd with the aid of a pair of compasses and your draw'ii scale; 
the tw(j extremities wall now' b(' the lirst and secajnd stations. In the case of a 
theodolite survey, the second station is laid down with refeivnce to its Ix'aring from 
the first station as described further on {see Chap. XI \b Art. 17). (Properly, the 
stations of a thc^odolite survcjy should \)e laid down acc'ording to their latitudes and 
longitudes ch(‘cked by their inl(*rmediate distances, but as tlu‘ object of this w'ork 
is not iutendcxl to (^unbrace this more advanced method of laying down poir.ts, 
iTllusion w'ill only be* made.* to their bearings, which is h(.‘re tre.'atcul of.) from the 
second station as centre, with tlu^ .sec ond chained or dedu(’(*d line* as radius, de¬ 
scribe an arc of a circle, and from the first station as centre*, with the! third chaineid 
or reduced line as radius, dcs('ribe another arc, and the interse*ction of these tw'o 
arcs will be tlie third station. On e.-ach of the sides of this triangle construct other 
triangles in exactly a similar way, until all the! stations are so plotted. If the lengths 
of the above lines exceed the span of common compasses, they should be laid down 
by means of a Ixam-compass {see Chap. \'', Art. k)). All points of intersection 
of the sides of smaller triangles, and of all proof-lines, should be pricked off and 
marked in peuicil with the e:*orrespoiiding letkTs taken from the reaugh diagram in 
the field-book. Any ti(‘-lines, as measured in the field, should be drawn on the 
plan, and should of cours(i iu(-‘asure the* same on paper as th(.‘y did in tlie field. 
As soon as the chain lines are completed, the o[fs(*ts Iiave to be phMted, each 
being drawn to the same side of tlu* (Tain line on the paper as it originally was 
measured on the ground, and the (Extremities of these ofisets being joined, a 
correct outline sketch of the area surveyed is obtained. The figure will render 
the above description clcEar. 

41. 'f pLOr riNO A COMPA.SS SURVKY. (Figs. 114,474.) In a compass 
survey (see Fig. 114), select a convenient point on the paper to represent the first 
station on the ground’, and so that the other station.s of the survey may fall within 
the paper; and draw a line through this point, pointing to the top of the papei and 

OnsKRV \T10NS 

♦ The subject of this Article, together with the terms used therein, may not be quite understood till 
Chapters IX and XIII have been read. 

t 'rhe subject of this Article, together with the terms used therein, may not be quite understood till 
Chapter X has been read. ^ 
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p.rallrl to its (Ml-e, to represent the north :inc south line, hrom his mark off, by 
nu-ms of ;i ivetan-iilar or eiiaailar protnietor, the beaniii,^ of the lirst line. Throuirh 
th(M^oint so marked and tlie lirst assunual point draw a lint', and measiire on it a 
](‘n<nh equal t(> tlie lennth measiir(‘d in the field, aeeordin.i^r to seale This gives 
llK^serond station. 'liirou-h this, draw a line parallel to llu* north and south line at 
the first station and lav off tlu' lu^aring ol tlu^ seeond line, and afterwards measure 
its distama^ as heUnr. ' This gives tlu^ third station, and hen^ and at every succeed- 
iiv>' station up to th(‘ last the same proe(‘s.s is to he rt^peated. Having arrived at 
the last station, join it A\ith the first. Measure the distance and hearing of the 
lin(‘ so drawn, and if ihev agr(n‘ with those (Uitenal in tlu‘ iield-hook, the survey 
has he(‘n eorn'ctly ]dott(Hl; if not, the error must he lookt'd for and corrected, and 
it will ^^(‘uerallv he found to havi' (u;curred through not drawing the north and south 
lines aPthe various stations a('eiirat(‘ly i)arallel to (.‘aeh othm',* unless some gro.ss 
(UTor has heeii made in plotting some oi the angles with th(.‘ protractor. As soon 
as the errors in tin? plotting of the (diain lines have' heen c'orrei'ted, the offs(Ts are 
plotted in (‘xaetly the same way as in (diain suiAmving {se^ Art. 40), proceeding on 
the papc'i* in the same order as that A\hich was lollowed in the held. h"or a very 
aeeurat(‘method of plotting a compass traverse hy rectangular co-ordinates {see 
Chap. XIV). 

If hearings hav(‘ hiaui taken from different points on the chain line to any 
conspicuous ohj(‘cts. thev should h(‘ plotted, when, if correctly observed and plot¬ 
ted, tiu' liiK's will he found to intersis't in tlu‘ saTiu^ point ; if thew do not, and the 
chain lines have closed on the first station ('orret'tly as r(‘gards bearing and distance, 
an (Tror must hav(‘ h'cen mad(‘ in taking th<‘s(‘ lusarings in the' held, which can 
onlv he ('oriau'tc'd hv going to th(‘ \]v\d again and re-ohserving the hearings. The 
figures will r(*nd(‘r tlu' above descripti(m cl(.*ar. 

42. l)K.\\viN(; 01- Till-: I'lo'P. Tin* prim'ipal triangles and chain lines are 

next ruli'd in with red lines, exhihiti'd as constituting tlu‘ basis of the w’hole work, 
(ienerallv, however, these are sliowm on a .S(*parate plan to avoid confusion of 
d('tails. Th(' various hoiindaiTvs and ohjcM'ts ar(‘ drawm in Indian ink with th(i steel 
draw'ing-pen : straight lines, na'tangular boundaries, such as those of buildings, 
etc., ar(.‘ ru!(‘d ; irregular houndarites, such as str(‘ams and winding roads, fences, 
(?tc., are drawn freely by tlu‘ hand, the stecTpen being held upright, with its broad 
calge parallel i(^ the dir(M:tion of the lin(‘ to b(‘ drawn. 

4^ lh<i\ riNCr. (l^ig, A good style of printing is an essential ingre¬ 

dient in a good Surv(‘yor, heiu'c the course (j 1 Printing, comprising letters and 
figures, givcMi in (fig. should b(‘ thoroughly mastiu'cd. As a rule. Block 

Printing is decidedly tlie b(‘st for all kinds of Headings, being neat and legible, 
for Main I headings, fancy Lettms may occasionally be ustal. For detail matter 
within the drawing, ( apital and Small Italic is (unploNanl. Paralkd lines at a dis- 
taiua^ apart, I'qiial to the luaght of the letters to be printed, should always he 
(hawn toi ('apital and small letters, though for th(_‘ latter it is not so important if 
the diaiightMrian is skilful; for begmners, the paralkd lin<‘.s should in every case 
b(.‘ drawn; and also a liiK^ \n d(‘termine the ludght of thest^ letters, which like r/, /, 
/, clc., reach above tlu* original lines. for large Block Printing, vcTtical lines 
spa( i;d at equal intervals may be u^ed with advantage*; and for inclined Capitals 
paialk‘1 liiK'^ at the r(*f|uired angle will prove of gr(*at assistance in securing uni- 
lormity. IT)r large printing, a good plan is to draw in the outline, and then fill in 
with t K* pen, ('.are f)(*ing taken to fill up the ('orn(*rs so as to make them sharp 
and (kdimyl. I he .spacing of lett(*rs is b(*st d(*t(U'min(‘d by the eye; but it is 
ahvays advi.sahle to sketch m the position of the letters of a Invading or title with 
a pencil befora* proc(‘eduig to put them into ink. 

4T HiseosiTioN (ir thk Lkitkks and iMcajRKS. The mass of printing 
on K. pan should invariably run from west to east, parallel to the north and 
south edges ()f tlu* paper, and it is usual to place the first letter of the name as 
t ostmo ^ site as possible. Curvcal lines (if printing are generally employed for 


bluo lines ['nl h n/s i'’ for the piirposo of plottinpf. Thi.s paper has faint 

Uy it. U.0 'the error, of plotting r^rfedt^ari throughout the length and breadth of the paper. 
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the names of districts, cin'Ios, etc., and should run as nearly parallel to the tjeneral 
outline as possible, and \vh(Mi several districts or circles are exhibited, the name 
requires to be stretched across th(? spac'o with the letters at equal inUrvals^ to 
show the extent or connfa'tion of the same. d*he inked up details should, in all 
rases, be kept ckvir of the printiiii^, not so far apart as to give the items a frag- 
iiKMitary appearance, nor so close as to intrude on and obscure th(' names. The 
continuity of streams and roads (Tossing naiiu‘s must of neax'Ssity be broken, but 
tlicir course should be interfcnal with as iittk* as possible. 

45. CiJRVKD Wkitixo. On winding rivers, (\anals, nxids, lak(‘s, coasts, 
chains of mountains, etc., the writing should be curved and adapted to their natural 
sinuosities ; that is, parallel to their courses. 

46. Writing to tact'. lOP of tiii*. Paim-:ig (iMg. 119.) The general 
appearance of all the names and writing should invariably be to fai'e the -north 
end or top of the papeu*, so that it may he. all l(*gibl(‘ at one view, by placing the 
map before you and not upsidii down, or ivquiring th(* plan to be shifted before it 
can be used. The rye is supposes! to rest at the centre of the lower edge of the 
paper, whence the whole of the writing on th(‘ drawing is capable of being taken 
in at a glance, hbar this pin pose, all printing whi('h do(_^s not run due west and 
east, and has to be therefore curviid or slanting, between the north and east lines, 
must be done outwards from the eye, and betwi^en the north and west lines 
inwards to the (.‘ye. A n'ference to h’ig. 119 will rendcT th(‘ meaning clear. 

47. Sizp: of Lftitrs. (bigs. 324— 333.) I he disposition of the writing 
requires taste ; and it must b(‘ rem(unbt‘r(‘d tliat the utility of a plan depends very 
much on that fac'ility of refereiK'c which is obtained by ihr relative keeping of the 
names. The si/e of the letters must correspond with the importance of the 
objects represented, and on the situations in which thew are placed the size of 
the scales not being lost sight of. It is mon^ or less regulated by the different 
sizes set out in the ligures referred to. 

48. Dirkctkjn oi< Ijoiit on a Drawing. (Mgs. 217, 274.) d'he light 
is generally suppo'^ial toA'ome in at the left-hand upper or N. W. coriKT of the 
drawing at an angle of 45“; that is, the east and south sides ol any object in elc- 
vation and cons(‘C|uently abov(‘ the surface of tlu^ ground, such as a house {^see 
Fig. 217) ; and the zvest and north sides of any obji‘ct in depression and conse¬ 
quently below the surfac'e of tlu* ground, such as a tank or river (see Fig. 274), 
will be in shade, whiidi is shown by the lines on those sides b('ing drawn thick. 

49. Nkgf.SSH'V of good PuiNTlNCi. On the style and character of the 
printing of a map depiuids its gcaieral appearance and degrc'c of usefulness. 
(3eneraily this is a most diflicult part of a map to do ?ce//, and there are many 
persons who can colour and draw' in a superior manner, bu( wdio fail in printing; 
hence the necessity of learning to print. In printing, patic'iice is an essential 
ingredient in the draughtsman ; jie must with his pen move slowly, but surely. In 
printing as well as draw'ing tlu^n^ must be; uniformity {.)f character ; for instance, 
hamlets are w'rittcn in small italic, ordinary villages in large italic, large towns 
and villages in small erect letters, chi(*f towns of districts in capital erect letteis, 
and so on. The printing and draw ing in a map should as much as possible corres¬ 
pond with the style.laid down in the Conventional Signs given in (Art. 50). 

50. Convfntignai. Signs. (Figs. 217 -333.) The following arc the 
Conventional Signs most generally in use in plan-drawing, and should be strictly 
adheri^d to in the lilling in ("if details, etc., in a map. They aie intended for maps 
on a scale of 16 inches to the mill', but for smalltT scale drawings the same signs 
are to be employed, only smaller. In maps intended for photography the symbols 
should be drawn in Indian ink only, and no colour used. 
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CONVENTIONAL SIGNS, 


Description. | Sign. 


Description. Sign. 


Colour. 




Fig. 


I 

City or Town ... ^ 

217 1 

.akc. 

2 

\'illage 

218 1 

bu nt Sienna. 

3 

Market ... ' 

219 

.ake. 

4 

Fort 

2 20 

i« 

5 

Church 

221 

)i 

6 

Hindu Temple 

222 


7 

Miisjid or M.tIuI. 
Mosque. 

2-^3 


8 

Burmese Pagoda ... 

224 


Q 

„ Monastery 

1 

225 

if 

10 

Post Office ; 

22() 

>1 

11 1 

Salt Ciolah ' 

227 


1 

12 1 

Staging Bungalow... 

228 



Rice Mill 

229 

i> 

14 

Saw „ 

230 

If 

15 

Indigo Factory ... , 

-HI , 

tt 

16 

Silk 


>» 

17 

Sugar „ 

1 

it 

iS 

1 

Distillery ... ' 

234 ' 

II 

19 

j Court House ... | 

235 ! 

}l 

20 

Police .Station ... 

23(1 1 

1 

Indian ink. 

21 

Signal .Staff ... , 

237 i 

1 

Lake. 

22 

Azimuth Station of j 
.Survey. ! 

j 

1 

238 

Blue. 

2.3 

Light House ... | 

239 , 

Indian ink. 

24 

Telegraph Tower ... j 

240 

Lake. 

25 

Boundary Pillar ... , 

241 

it 

26 

Station of the G. T. i 
Survey. j 

242 

i 

Indian ink. 

27 

Bench Mark ... ; 

j 

243 1 

Lake. 

28 

Masonry Well 

244 

(Blue Centre.) 

29 

Mud „ ... 

1 

I 245 

Lake. 

(Blue Centre.) 


Burial Ground 

i 

246 

Indian ink. 

31 

Water Mill 

j 247 

(Water Blue.) 

32 

Telegraph Line 

1 248 

Indian ink. 

33 

Metalled Road 

1 

j 249 

Lake. 



1 

(Lake wa.sh.) 



Vii>. 

Unmetallcd Road ... 250 

Sunk 

. 251 

Raised 

.. 252 

Village 

„ ... 253 

Footpath 

...j 254 

Single Line 

Railroad | 255 

Double „ 

; 256 

Bund or 

Embank- j 257 


niirnt .Vienna. 

(Rt. vSeinna wash.) 


42 Kail Fences or Pa- , 258 ' „ 

lings. I 

i 

.t3 Hedge with trees ...1 259 „ 

I I Green patches.) 

44 „ without trees 260 Indian ink. 

I ((jreen patchc.s.) 

I 

45 Masonry Bridge ... 261 Indian ink. 

! (W'ater Rluc.) 


iF') W'ooden „ 

I 47 Ron u 

48 .Suspension „ 

I 49 Draw „ 

i; , 

' 5^ Pontoon „ 

li ' 

I 

I 51 Boats (of) „ 

i 

i 52 Ford 


,, 262 Indian ink. 

j (Water Blue.) 

! 263 Indian ink. 

(Water Blue.) 

.. ' 264 Indian ink. 

(Water Blue.) 

.. I 2t)5 Indian ink. 

(Water Blue.) 

1 ' . . 

.. 2(>0 Indian ink. 

(Water Blue.) 

.. 2O7 Indian ink. 

(W'ater Blue.) 

.. i 268 I Indian ink. 

I (Water Blue.) 


53 ' Sluice Gate ... i 269 i Indian ink. 

j I (Water Blue.) 


j 54 Ferry 


... ! 270 I Indian ink. 

I j (Water Blue.) 


j 55 Old bank of River... | 271 Indian ink. 

; I (Dark Blue wash.) 

I 56 , Direction of Current 272 Indian ink. 

57 Ebb and Flow of 273 „ 

i Tide. 

i 

58 River and Stream ... 274 „ 

(Water Blue.) 

59 Reef of Rocks ... 275 Indian ink. 

i 60 j Lake and Tank ... 276 „ 

; j (Water Blue.) 
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CONVENTIONAL SIGNS— 


No 

I )escription. 

Sign. 

Colour. 

'No. 

i 

Description. 

Sign. 

Colour. 



Fig. 


1 

1 


Eig. 


61 

Marsh or Jhcel 

277 

Indian ink. 

i fi 9 

Forest or Tree Jun- 

305 

Indian ink. 




(Blue patches.) 


glc. 


(Green patches.) 

62 

Sand Bed 

278 

Indian ink. 
(Light Red 

90 

Low or Bush Jungle 

306 

Indian ink. 

(Green patches.) 




wash.) 




63 

Salt Pans 

279 

Indian ink. 

91 

Jhow Jungle 

3^>7 

Indian ink. 




(Blue lines.) 

! 


(Green patches.) 

64 

Brick Fields 

Iron Works 

280 

281 

Indian ink. 

1 9 ^ 

! 

High Grass Jungle... 

308 

! Indian ink. 

, (Green patches.) 

hS 

it 








93 

Low Grass „ ... 

309 

' Indian ink. 

66 

Glass ,, 

282 

it 



(Green wash.) 

67 

Lime Kilns 

1 -83 

-■ 

91 

Salt Waste 

310 

Indian ink. 

(Blue wash.) 

68 

Gravel Pits 

; ■.^84 






j 



95 

Salt Waste with jun¬ 

311 

Indian ink. 

69 

Quarries 

; ^85 


gle intermixed. 


(Blue wash and 


Nullah 

1 

! 286 



Cultivation 

i 

Green patches.) 

70 

(Water Blue.) 

96 

i 

j 3'2 

1 Indian ink, 

(Bt. Sienna wash.) 


1 

! 

! 

71 

* Canal 

j '^^"^7 

1 Indian ink. 

97 

Lately thrown out of 

313 

Indian ink. 



(Water Blue.) 

Cultivation, or I'al- 
low land. 


(Bt. Sienna wash.) 



7 - 

, Garden 

; 288 

Indian ink. 

98 

j 

Rocky or Stony 

314 

Indian ink. 




' (Green wash.) 

1 Ground. 


73 

Betel-leaf Garden ... 

! 289 

1 

I Indian ink. 
(Green w.ash.) 

* 

Boundaries, 


1 



i 


, 99 

Province 

315 

Indian ink. 

74 

Gardens and Orna¬ 

; 19^ 

i 

Indian ink. 



mental Grounds. 

1 (Green wash.) 

100 

District 

3 i() 

it 


75 Mango Tope 1 

I i 

7(3 : Sal Tree ... , 

77 ' 'J’ainarind or other 

i large trees. 

78 I Palmyra Trees i 

79 Cocoanut „ 

80 , Tamarisk „ 

I 

81 j Date „ 

82 I 3 etel*nut „ 

83 Ravines „ ,1. 

84 High Ground 

85 Hill (Ridge with 

Peaks). 

86 Ridge 

87 Sand Hill 

88 Bamboo Jungle .. I 


1:91 Indian ink. 101 

(Green patches.) , 

■ uu 

292 Indian ink, | 

(Green patches.) 103 

;;93 Indian ink. 104 

(Green patches.) j 

'105 

294 Indian ink. j 

(Green patches.) ,106 

295 Indian ink. ■ 107 
(Green patches.) 

296 I Indian ink. 

I (Green p.atchcs.) 108 

297 1 Indian ink. 109 

(Green patches.) 

. no 

298 Indian ink. 

(Green p.atchcs). in 

299 Indian ink. 


101 Circle 

102 Vill.age 


\'illagc in centre of 319 
Stream. 

\"illagc in centre of 320 

Road. 

Village on side of 321 

Stream. 

V’illage on side of 322 

Road. 

Cultivated h'ields ... 323 


Style of Printini*. 
Province ...^ 


1 109 District 

1110 Circle 


324 Indian ink. 


a 

i ii -’-5 


303 .. I “5 

(Light Red 

wash.) ;n 6 

304 Indian ink. 

(Green patches.) j 117 


Large River,'] 327 
Forest Reserve, 
etc. 

Chief Town of | 328 
j District. y. I 

Chief Town of gi 329 
Circle. S 

Small River, Hill 330 

Range, etc, 

c 

Town ... 331 

Village ... 332 

Hamlet ... J 333 
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a P[ \N TO BKAK StiRVKVOK's NAMK. '1110 name of (lic Surveyor and 
date of cxooutiiin of th(' sui vov should invariably be entered in a eorner of the plan. 

‘ CO Fi.i.'i'i r OF A OIHII' H an. A rood pl.m conveys (o the mind a 
more perfeet ima-;e than ean be obtained by looking at the ground itself. With 
it the <TCat featmvs of a eountrv can be exammi'd and eompared, the directions 
of linc^ and coasts, rivers, mountains, forests, etc., can be traced, together with 
their respective distances from om‘ another, and the comparative heights of moun- 


o OiJAi,ITU'S RSSKNTIAI. IN A Pl.A.N. Ill plans there are three things 
to be" desired ; /sf, conrctucss, without which apian is worse than useless, for it 
misleads; 2iut (ienniess, in order that every part may be understood ; 3rd, 
beauty of execution, which adds a gnsit deal to the value of a map. 

154. Coi.dURl.NC.. In using cake colours, they imrst be rubbed down with 
soft water, mixing them well together till the desired tint of colour is obtained, 
then with a brusirapply the wa^h^teadily and quickly to the space to be coloured ; 
but do not let the prop'er limits b(‘ passed, nor more quantity of colour used than 
will evmilv cover tlu- space, for when too much is useil, di'cper tints appear in one 
place than another. 'Hie map should be dampi'd with a clean, moist .sponge, 
before colouring. If a printed map is to be coloured, the back of the paper 
should be wetted with a solution of four ounces of pounded .alum in a pint of 
spring water, to keep tlu' ('olours from sinking, allowing the papei to diy befoie 
the colours are laid on. 1 he printing of names of places should be done when 
the colours on the ma|) arc perfectly dry. I’encilled plans are first coloured, then 
inked. On tracing cloth, colours should be applied heavily on the side reverse 
to that of the drawing, that is, on the dull side. 

t;5.* Lrriio work. Where lithographic work is undertaken for the 
reproduction of maps, care must Ih' taken, in the copying of the litho slieets.f to use 
a clean pen and clean hands. 'I he litho ink should be prepared freshly sufficient 
for the day's use, and rain or distilled water must be employed in grinding down 
the ink. A piece of cork ought to be used in rubbing down the litho ink and 
not the lingers. It is well to keep the prepared ink while in u.se covered, 
so as to prevent dust and other foreign matter from getting into it. On no 
account must the smallest admixture of Ohinese ink with the litho ink be 
allowed ; the former does not take on the litho stone, and comes up as a 
dirty splash remove.able by water, whereas the litho ink having wax in its com- 
positon is not so removed and takes well on the porous litho stone. Cleanliness is 
essential in all respects. 

56. 'rviTNti, Typing is sometimes, and not infrequently, resorted to in 
the completion of original sheets. Where this is done, all type used fortyping 
work during the day should be cleaned and sorted into trays; the hand ink-rollers 


OBVKRV\TION.S. 

A nt'W proross, known as thi- dirert /inc printing prorcss, ” by inc-nns of wliich drawing or tracings In 
Mack ink tan be Iraiisliired to /Inc withoiil lir^l nirdsing a negative, has been recently introduced in the 
Survey of India Oiliec, which, tor ecrt.iin clashes cd wcuk, h.is niaiu’ acUantages over the ordinary process 
of photo-zincography, by tlib proic-s woik is executed at les' than (me-quattcr cif the rate charged for 
photo-/incographu work, and wilh better results, pn.vidcd that the oiiginal drawings sent in conlorin to the 
lollow’ing conditions: (ii 'Ihe process is (»nl\ adapted to the repi ckIih timi ol drawings to the same scale 
and drawn on a -ingle sheet. J'wo or more sca tioris cannot be joined together as in ordinary photo-zincog¬ 
raphy. (2) 'bracing paper or cloth is the most suitable lorm of original. Failing this, any smooth sur¬ 
faced paper may be nsc'd, no maltiT how thick. Rough surfaced drawing papers arc unsuitable and should 
not be used, It is necess.iry that the woik shmild be di.iwn in geVod, bl.ack, freshly prepared Indian 
ink. With this piovi-so, any di.iwing will reproduce satisfactorily no matter how line the lines may be. 
Colour should not be u.scd. (.}) Nothing wliati’Vi r shmiid be pasted on either the front or back of the 
original. .Slips of type or other mailer pasted on the IrcTiit will not reproduce, and consequently have to be 
drawn on the zinc .'iltcrwards. Xcithing should In- wnUcii on the' back of the original. (5J Headings, 
footnotes, and other type matlc-r should In- neatly printed on the original in their proper places, as the rates 
charged do not admit ol Mich mailer being pul on /iiic bv means cif t\pe translers. (0) Origdnals should 
not be folded or crca-ccl if it can be avoiclecl, but eithe r leit Hat or rolled lip when despatched. 

t The: following is an excellent re-cipe lor making transparent transfer paper for litho map work; it 
assists the tracing to be clone considerably. Roil | oz. ot gelatine- 01 isingl.iss in about a pint of water and 
coat twice orclin.iry tiaeing p.iper. Roil \ lb. gamboge and \ lb arrowroot se parately in about i a pint of 
watc-r each. JMi.x together ;md str.iin thiough n thin cloth ; if found too thick, add a little; water and give one 
or tw'o co;its tei the pape r alre/uly coated with gelatine. The paper must be allowed to dry between the coat¬ 
ings. After Ihe paper has been passed through a litho press on a clean stone face downwards or otherwise 
rolled, it is ready for use. 
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arc also to be rolled dry. It is essential that the impressions on a map should be 
fine, yet clear and bku'k. Ifiack and cl(\'ir they ^^ill not b(‘ unless th(‘ old and dry 
ink is removed from the face of th(^ type ; aiul liiu; th(*y cannot Ije if tlu^ face and 
hair-lines of the type are d("stroyed durini; the process ol cleaniiii^ by roue[h usaije. 
A hard brush or old tooth-brush should on no account be used. If it is iK'cessary 
to clean the fresh ink off the typi? when in the holder, a heather sh.ould be used 
and not a raij; the hairs from a rai^ i^et into th(‘ ink and spoil the impression, 
nmd(u*ing it woolly. Ink should be new and rubbed up daily. AIUt an impres¬ 
sion is taken, and before th(^ type is removed from the holder, it ('an be clean(?d 
with a soft, small caiiK^l’s hair brush dipp(‘d in turpentine lightly passing ov(U' it ; 
then dab it gently with a ball of cotton wocdI. I'ype is thus always kept clean 
in the tray. Ihe dabbing maybe dispensed with, as the type will probably not 
be wanted till the turpentine has dried, d'he typer should have by his side, a'lvay 
from the mctp^ a little pot of turpentine; it is no trouble using it. 1 he rollers 
must not on any account be touchcMl with w'ater. 'rurpentinc' or keros(‘ne oil should 
be used to ('l(_‘an them ; the former is the best. 'I'he turpentine should b(‘ applied 
with the finger or a soft rag, and the roller dried by running it over a piece (.)f cl(‘an 
paper. 

57. Rkducing, coeviNc;, and KNi.AR(iiN(i Plans, (h'igs. 19S, 3c>2.) 

Plans may be reduced^ copied, or eular^pcd by means of the* pantagnipli [see 
Fig. 198) described in (Chap. \’I, Art. 4c}), or the (Mdograph {see Ing. 
described in (Chap. \'l, Art. 51), and tlieir use is to be adopted in preferc*iu'tMo lh(,^ 
mode by squares hereinaftcu* describ(^d {sec Art. 60). It gives the* outliiK' of any 
draw'ing, how'ever crooked, with the utmost (.*xa('tness, and may be used for copy- 
ing figures, plans, marine-charts, maps, profiles, landscapes, ('[('. '\'hc process of 

enlarging does not admit of th(* sanu^ a('curacy as that of reducing or even 
copying of the same size, and ought not to be resorted to where great precision 
is required. 

58. OuiUJCATLS or' Drawings. Duplicate's of drawings may b(^ made, 
when the lines and boundari('s ;\vc regular, by laying the plan on the sh(?et of 
paper on w’hich the copy is to be drawai, and pri('king through all the* necessary 
angle's and points w’ilh a line ne^edle* : if the lines in the* original are* straight, join 
the pune'tureis by pene il line's ; if curved, transfer by mc*ans of tracing paper or set 
off with the aid of compasses, Nei'xt draw the pencil lines in Indian ink and the 
plan is finished. 

59. 'Fracing Dr.\win('.s. (Fig. 504.) Drawings may also be copied on 
the same sexilc by tracing over tracing doth, tracing paper, or on a copying 
g/nss. In the case of tracing cloth, lay it over the map and trae e the w’hole of 
the figure at once in Indian ink ; in the case of tracing paper, which is very thin 
and generally intended only to tran.sfer a drawing on to stout paper, lay it on the 
drawang and trace the plan on it in pene'il, remove the tracing paper, rub the under 
side over with black lead and lay it on the* stout paper intended to receive the 
draw'ing. V\\ the tw'o well toge.'the*r with a number of w'eights, and pass a fine 
smooth tracing point over c'ach boundary or mark on the tracing with a slight 
pressure of the hand ; thus a cle_‘ar peaicilled mark wall be left on the* fair she?et, 
which is afteawvards drawn in Indian ink inthe? usual waiy. In the e'ase* of a copy- 
tag-glass {see Fig. 504), which is an instrumemt consisting of plate glass set in a 
frame of w’ood, w^hich can be inclined to any angle, just as a re*ading de'sk. On 
this glass the original plan is laid and over it the fair shex't of paper. 'Fhe frame 
is then fixed in such a position, as be'fore* the w'indow^ of a house*, that a strong 
light may fall upon the glass from behind and shine through it, where*by ('ve'i'v line 
in the original plan is seen distinctly threxigh the fair shee*!. The copy then is at 
once made in Indian ink. 

60. Rkduction by Squares. (Fig. 116.) Flans may also be reduced, 
copied, or enlarged from one scale to another, by the method of squares (56?<' Fig. 
116). For this purpose divide the original plan, by pencil lines, into as many 
equal squares as may be convenient, then divide the fair sheet into the same num¬ 
ber of equal squares, according to the proportion of the scales, whether gre:*ater, 
equal or less. Draw by the hand, or with the help of proportional compasses, in 
every square what is contained in the corresponding square of the given figure, 



70 


AID TO T.AND SURVEYING. 


anc^ by this means a v(*ry acaairalc! ropy will be obtained. The sinalltT the squares 
th(* ninr(‘ ('oria^ct will the copy be. 

6i. KnTERINT'c niMl NSioNS ON Plw\N. When it is necessary to enter 
diiiKMiMons on a plan, they should bi‘ written intermediately betw(‘en the extreme 
poiiiis, th(^ distance l)etween whiidi they represent, and in th(' same dina'tion as the 
ineasurenuMit has b( (‘ii taken. W hen it is not n(‘cessary to ('ntcT the dimensions 
in writing, tlu^ same may be obtained by ineasureinent off the scale. 


CIIAITKR VI 11 . 

Calculation of Areas. 

IIY ACRR-SQrARKS. 

1. The iMJRrosi': oe mi-asuremeni' hv A( riaSouareas. TIutc are 
several methods of calculating the areas of fields and other (‘nclosiincs, but that 
by Acre-Squares is particularly adaptinl for accuracy and dc'spatch of work for 
small parcels of land, ami particularly offs(‘ts. Tlu‘ areas might In' workml out 
by tin* rules of Mc'nsuration, but wlu're the s('ale of tiu' map or plan happens to 
be small, or the boundaries of the tigure distorteil, this modi' of I'alculation would 
be neetllessly laborious. 

2. CoNSl'RUCITOX AND U.SI* OE Till': 'TaI .( -SOIJA R I'A (Fig. 1 24.) 

The process is very simple. Taktf a piece of strong transparc'nt horn paper or 
talc (if tlu'se cannot In* had, a good .substitute, for ordinary purposes, is a bit of 
tracing cloth), about () inches sqiiart', upon which d(^s('iih(‘ a n'dangle about 5 
inches squares, and divicU.* it lyy nu'asurt'ments off a brass or ivory siade into squan^s 
of acH'S and decimals, on \\ hat ever scales tlui work is protracted on the map. 
h'or instance, if the map was drawn on a scale of 5 chains to the iiK'h = 16 inches 
to the mika it would be necessary to construct a square' of 5 iiK'hes on the trans- 
panuit sub.stance, and then divide each side of this .square into 5 equal parts, and 
from these! points of elivision rule lines paralle'l to the' side's e)f the square!. 'Fhe! 
5-inch square will thus be'ceimej oivided into 25 smaller squares. Now, since' the 
scale of the map is 5 chains to the' inch, the?re'fore ejach square inch on both the 
map and the talc contains 5X5 ^5 ^^quare! chains 2y- acres, and the big 

5-ine'h square will contain 2.V X 25 620 acre-s. If, then, the sides of e'ae'h square 

inch on the talc is subdivided into five* e*qual parts and from the points of subdivision 
lines are drawn parallel to the; .sieie's of the .square*, then e'ach ine'h square will 
become maile! up of 5X5) square's; but, as before said, the square 

inch contains 25 scpiare chains ; he*ne'e; e^ach subelivi.sie)nal square will reprc.sent 
1 square chain of are*a, or the one-tenth of an ae re. 

3. Ml'.l'lKJD e)E Ce.)N.STRUC: riNG AN A(’ R I'.-SoUA R E. Le't US suppose that 
it w'as ele.'sireel to make! an acre-square on any give'ii se'ale! coricsponding to that 
of the plan, the! Siirve*yor could easily e'onstruct one for himself by adopting a 
simple rule of proportion, as will be clear fre)m the* e:‘xplanatie)ii in the examples 
given below'. It will also be seen that all that is re*quire!el to be obtained is the 
exact length, in inches or pe)rtions of an inch, of a sice! of the! .square the area of 
which I acre, but the re^asein for lineling the* le.*ngth and breadth of a large 
rt!e:tangle e)r square.*, containing a number of Ilu!.se! little .squares, is ba.s(?d on tlie 
principle of wajrking /rom a 'leholc to a part, instead of from a part to a wdiolc, 
thereby ave)iding accumulative! errors which w'oulel otherw'ise nee'e!ssarily e'xist. 

I^XAMiM.E 1. Construct an acre-square, on a scale of 4,000 yards = 
J inches, to measure i,000 acres. 

Since 4,840 square yards = 1 acre, 

the side of an acre-square on the ground = J 4,840 = 69*57 

and ,, ,, ,, ,, plan = 

4,(joo yards : 69-57 : : 3 indies : = 0-052178 inches ; 

Hence the le'ngth of loo .such squares — loo X 0*052178 ^2178 inches; 

}) y) ;; ,» = Io X 0 052178 = 0*5218 inchcs. 
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Construct a rcctani^Ic with a h^ngth = 5‘2i8 inches and a breadth = 0^522 
inches, off a scal(‘ of inches, on talc or other transparent substaiK'e. Divide the 
length and breadth into 100 and 10 equal parts respec tividy ; and join the cor¬ 
responding points of division on tln^ opposite? sides, thus forming 1,000 little 
squares, each of which = 1 ae'R? in area. 

I^XAMPI.K 2. Construct an acre-sqnarc, on a scale of 600 feet = i inch, to 
measure ion square chains. 

Since 4,356 square^ f(‘et — 1 square chain, 

the side of a chain-square on tlu? ground = J 4.356 == 66 feet, 

and the side of a chain-square on the? plan = 

600 feet ; 66 feet : : 1 incli : =z =011 ini'hes ; 

Hence the length of 10 such squares = to X 011 = t‘i inch. 

Construct a squaie with ri inch sid(‘s, off a scale of inches, on talc or other 
transparent substanc(‘. Divide each of its sides into 10 equal parts, and join the 
corresponding points of division on the opposite sides, thus forming 100 little 
squares, each of which — 1 square chain in aiea. 

Examimj*: 3. Construct an acre-square, on a scale of q inches i mile, to 
measure 600 acres. 

Since square miles = i acre, 

th(? side of an acre-square on the ground ~ 0 0015625 = 

0*03953 miles, 

and the side of an acre-square on tlie plan = 

I mile : 0*03953 miles : : 4 inches ; ' o‘i 5^512 inches ; 

Hence; the; length of 30 such squai*t;s — 30 X o’ 1 581 2 = 4*74360 inches ; 

and ,, ,, 20 ,, ,, — 20 X o’T5812 = 3*16240 ,, 

Consliaict a rectangle with a length = 4*744 inch(‘S, and a breadth = 3*162 
inch(;s, off a scale of inches, on tale* or other transparent substani'e. Divide the 
length and breadth into 30 and 20 (‘qual parts la'spe^ctively, ami join th(‘ corres¬ 
ponding points of division on the opposite sides, thus forming 600 little squar(?s, 
each of which — 1 acre in area. 

4. SlZK OF ONF ACRE. (log. 356.) Idu? ilgure shows the actual space 
occupied by o?ic acre (the; customary unit of land measure), laid out in th(‘ form 
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A reference to the figure will facilitate the choice of tiu; most suitable scale 
for the plot of a survey. 

5. Tiif mook of usiNCi riiF ddvFC-SouAKi-:. (Figs. 124, 126.) To use 
this talc-square, as it is called, lay it ove‘r the‘ ru;ld {see Mg. 124) the' are-a of which 
is se*)Ught, and ke'(;p it lixed liy means e.>f a weaght. The rulexl tale' shoulel be; so 
appli(;d that two ejppeasite salu;nt pe^ints e)f the; iield, such as ///, n, may te^iu'h two 
of the; parallel lines on the left and right of the computer.^ Next, prejceed te) 
measure vertically (;very column ceiiitainiiig <'iny portion e^f the Iield, be/ginning at 
cither the right or left-hand side and nmviiig te:) the siele* opposite. If the boun¬ 
dary line of the; field does not exactly coincie’e; with any horizontal line of the talc, 
nor is parallel thereto, equalize any irregularities at tin; extremities by the eye, so 
that the space isiithin the field and that outside of it may be equal to, and com- 

OBSKRVVTIO.V. 

* This is not an essential requisite, but is convenient. If the side m did not, for instance, touch one of 
the parallel lines, but was situnted as shown in the right-hand lower cormT of the figure, then additional 
horizontal measurements with the compasses would hay to be made from oior, o to 5 , and o io t; the last 
distance o to t giving the area of the portion lying outside of the vertical line o o o. 
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pcnsatf, each other. Hold a pair of roinpasscs in the right hand, place one of its 
points at / {see I^g. 124), and (^pen it out till the other point reaches 2 ; then place 
tile up pet' leg of th(.‘ c'oinpasst*s at J and tlie loivet' at n, and open them out to /f j 
again pL'ua* the upper I(‘g at 5, and the lower at a, and open ihom out io 6; again 
pla('(^ the upp(*r leg at 7? as the l(n\er leg gees b(‘yond the piece of talc, measure 
the distance between the points of the ('ompass off a diagonal scali‘ of 5 chains to 
tluMnch Mg. 126), corresponding with the scaki of the map, and place the 
nssult down on a bit of paper. Now close your coin])a.ss('s and begin afresh at the 
point 7, proceeding as bedore, till tln^ area of the whole llgure is obtained as 
follows : - 
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13*189 acres. 



6. l)r:s( KirTioN ov Ria 'tangular rihge oi- talc. The area of a 
figure ('an also b(^ measun‘d by nutans of a rectangular piece of talc. Describe 
upon it a rcM'tangle, on whatever s('ale th(‘ work is protracted, of 80 chains by 72, 
divide* each side into 24 equal parts, and draw lines ru'ross joining the* divisions; 
then will t‘a('h small space*, rea'tangular in shape*, be e‘qual to one ae're?, for 80 
chains multiplied by 72 chains = 576 acivs, and the square of 24 is also 576; on 
one side of the* rectangle these rectangular spae'es may be divided off into roods 
or square* e'hains, if neee*ssary. 

7. Method ov measuring the area oe an oI'ESEP. (Fig. 125.) 
In orek*r to measure* the: area of an ollsct, place any of the line*s drawn ae'ross the 
talc-square*, on the station of the survey, in siu'li a manne‘r that the e)ffsets to the 
right and le*ft of the; line may be; all brought within the small squares of the rec¬ 
tangle ; then, holding the talc firm with the left hand and wdth a pair of com- 
passe*s in the right hand, conimeau'C at one end of the* line* and m(*asure* the; length 
of such portion of tli.e* offset from the* e'hain line (balancing the; irre-gular edges as 
near as possible) as may fall within eae h row' of small squares, comme*ncing with 
the first row' on tlu* right, adding this on, by ope*ning out the compasses, to the 
portion containeal in the* second row', this again to the portion contained in the; 
third row', and so on; if the offset passes to the left of the; chain line, draw' m the 
compasses from the e'hain line to the offset, so will the are*a of offse*! to the left 
of the; line be (le*due'(e(l ; the;n mejasure; the* distance in the compasses along one 
side* of the re*('tangle, and the number of squares contained within the two legs 
will be the* area, in acres and parts of an acre, of the offset. The .station line YZ 
lias placed ove/r it a talc-square, divid(.*d off into ac’re‘s, the crooked line, as seen 
through the talc, r(;pre:*senting a bemndary line. To cale'ulate; the area of the off¬ 
sets on the* above line* \Z, commence* at Y and me*asure the distance ab ; keeping 
this distance; m the* com|_)asses, place* th(; upper leg of the compasses at c“, and 
e^pen them out to d\ place tlie upper le*g ag.ain at £?, and e'lpen th(;m out to f\ ag.ain 
from ^ to //, and from / to j ; h(*re the* offs(*t going to the /p//of the* line, place 
Uie upper le*g of the compasses on the chain line at k, and draw them m towards 
/; then at drawing them in to ; at 0, drawing them in to p ; and at ^ to r ; 
the offse;t again proceeding to the right of the; line, the upper leg of the compasses 
must be pku cd on .v, opening them out to t ,* from u to v ,* and from w \.o x \ then 
wall the number of squ€U(;s contained w'lthin the e'ompasses be the number of acres 
and parts of an acre contained in the offset on the line YZ. In the diagram the 
dots on the chain line, and on the offset, show the measurements to be taken with 
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tlio upp(T log of the compasses, and the dots below show where the under leg of 
the compasses would fall in making the above measurements, observing that the 
distances from i to c = ab, 2 to c — i to (/, 3 t(^ ^ = 2 to /, 4 to / — 3 to //, to 
/* = 4 to /, and so on to the emd of the line. The area of tlie offset, given in the 
figures, on a scales of 5 chains to th<‘ iiK'li, is thus found to b(‘ 0-652 acres. 

8. KMFLOVMI'.N r OF 1 AI.(‘-soUARlv. I h(‘ talc-sqiiarc is an instrument 
which can be used for finding the ('ontent of irn^gular figun^s of any shape. 

9. How TO MAKh: 1 AL('•soljakj<:.s. 'J'h(n)est method of making these 
talc-squares is to draw the rt*etangle and small squares correctly on a piece of 
drawing paper or card-board with a fiia* steel pen, k('(,‘ping this as a pattern, and 
whenever a talc-square is reqiiiiaal, to lay th(‘ talc over this, fastening it at the 
corners with a little gum to piawent its slipping, and with th(.* point of a pricker to 
scratch the lines across tlu^ talc ; w'hen tiuw an.* all drawn, a mixture of lamp 
black and oil should be rubbed w(‘ll into tlu‘ marks ; round th(.‘ t.‘dge of tlie talc, 
paste a narrow' edging of paper to pr(W(‘nt its breaking. 

10. CiiF.( KiN(; Tiir: Ari- a or' a Fie.UKr. To I'luM'k the area of a figure 
obtained by the application of the talc-qiiare, turn th(,‘ plan rountl and apply the 
compasses in the honaontal columns, taking them nuw' as verticals, and proceed 
as before till the area is determined. 

11. Theory or' IT It: WOrk. (Fig. 127.) Let AHDKEC be the plan of 
the field. Draw' on the plan equidistant parallel straight lines, thus dividing the 
figure into strips of equal width. Construct one of th("S(* strips, as P>DF]C. Draw' 
the straight lineat right anghfs to th(‘ parallels, so that the area of the strip 
may be the same whether HD or bd be r(\gard(‘dat its end ; if HD can be regarded 
as a straight line, will pass through its middle point ; if HD be not a straight 
line, the position of bd must be det(‘rmin(‘d as wadi as possible by the (*ye. Simi¬ 
larly, draw' ce at the other end of th(' strip, so as to leave the area unchanged. 
Then the area ]H)KC is equivalent to the rectangle bdre. Proct^eding in this w'ay 
a ’series of rectangles whi('h are together equivakait to the original figure is ob¬ 
tained. The area coriesponding to all the^e r(*ctangltis can be easily ascertained, 
and therefore the area of the original figiine Suppose, for example, that the 
parallel straight lines are drawai an inch apart, and that the sum of the lengths 
of all the n.'ctangles is 29 iiudu's : thi* ao^a of the original figure is 29 square 
inches. Now', suppose that the plan has b(‘en draw n on tlu.^ scale of 3 chains to an 
inch ; then a square inch of the plan ('orr(‘sponds with 9 square chains of tlio field ; 
therefore the area of the field is 9 X 29 square chains, that is, 261 square cliains. 
In practice the process of forming the sum of the lengths of the rectangles is 
performed by an instrument called the computing S( me, 

12. Dr:sCRipnoN oi* ini'. CoMEuriMi S(T\i.i-:. (Ifig. 128.) A scale 
represented in the diagram is made (‘qual in length to 50 chains as plotted on the 
plan: it is divided by transverse lines into 20 parts; each part being 2 \ chains 
in extent, w'ould therefore, between parallels i chain in width, represent a space 
equal to i rood ; tw'O of the parts, being 5 <'hains in extent, between the same 
parallels, w'ould represent a space equal to 2 roods ; and so on for the wdiole length 
of the scale, w'hich itself would, biTween parallels i c'hain asunder, represent a 
space equal to 20 roods or 5 acres. A slider is attar'hed to the scale admitting of 
motion in the direction of its length ; it brears a vernier sc'ale (luTeinafter described) 
with spaces equal in length to i part on the pi'imary scale (or to 2^ chains) 
divided into 4O parts, each of which spaces w'ould, therefore^ with a height of i 
chain, represent of a rood, or i perch The slid(*r carries in a projecting frame 
a fine hair or wire drawn across its ('entre at right angles to the direction of the 
length of the scale. 

13. Mode of using fhe Comi^uting Scali<. (Figs. 129, 130.) 
To apply this scale to the measurement of areas, a pi(^ce of strong transparent 
paper (called horn paper), with parallel lines ruled i chain apart, is laid over the 
field the area of which is required, and kept fixed thereto. The ruled paper must 
be so placed that tw'o opposite points of the fu^ld, such as a, y {see Fig. 129), 
may touch any two of the parallel lines. The scale is then placed upon the 
ruled paper in a direction paralk*! to the lines ; and the vernier in the sliding frarne, 
being set opposite to the zero point on the scale, is brought also to coincide with 
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or intersect that portion of th(^ l( 4 t-haiul boundary fence which is enc'loscd between 
the upper pair of parallel lines. If the Avire and boundary fcMice do not exactly 
coiiK'icle, the scale must be moved bodily to the right or left until the spaces a, b 
{see h'ig’ 130), intersected Ih^wci'h the parallels by the wire and buice, are judged 
by the eye to be equal to, and compensate, one anotlier. The scale is then kept 

bv^the pressure of the hancl, while the sliding frame is moved to the right- 
hand boundary of the field, and the cross-wire adjusted in a manner similar to 
before : so far, th(^ numl.er of divisions on the scale passed over by the cross-line, 
in its movement from left to right, indicates the number of roods and parts of roods 
included in the field bctA\een the upper parallel lines. The slider remaining fixed 
in positK^n, the sci^le is movi^d downwards i (diain, that is, to the next lower divi¬ 
sion of the parallel lines, and tht' vernier is brought, as before, by the movement 
of the sciilc, to coincide with or compensate the left-hand boundary. The coinci¬ 
dence or compensation being t'stablished, the sWdnv^ frame is moved to bring the 
cross lin(^ to coincide with or compensate the right-hand boundary ; the division 
opposite the cross linc^ then indi('at(‘s th(^ number of acres, roods, and perches 
comprised within the tw'o upper paralltd divisions. When tlie slider has by a 
repetition of the process, pas-tal over tb.e whole length of the scale, 5 acres have 
been measured. The operation is them continm^d by moving the slider from rl^^hl 
to left (the equalization commencing on the right-band side) until the slider 
having reached the starting-point or zer(^ of the scale, 10 acres hav(? bc'cn mca- 
sunal, the quantitv measmaal b(‘ing indicated by the scale itself. The mechani¬ 
cal operation is continued and repeated in a similar manner until the whole field 
has been nuN'isun^d. If the “ ('omputing scale” is taken in hand, and each step of 
the operation, as above? described, followc?d, by mesasurement on a plan, there w’ill 
b(i no difficulty felt in understanding the process, and in appreciating the rapidity 
and accuracy of the results. 

14. The A(:ui<-Comh. (Figs. 127, 128,503.) The Calculating or Acre- 
Comb {sec h'ig. 503) is ('onstructed on pr(*ciscly the same principle as the talc- 
square. It is made of electrum, or card-board, measuring 6 or 7 indies by 2 or 2^ 
indies. The side? of the acre-squares arc accurate‘ly marked on each of the longer 
sides, and peaforations made at the divisions; on one of tliese sides there is also 
a corresponding scale show n, oft which the measurements for areea are made. The 
card-board within the graduated ree'tangle is cut away, and tile opposite? divisions 
at the sides are joined up with horse-hair or fine silk, or other thread passed 
through the perforations and forming parallel lines. The e'omb is more handy and 
less liable to injury than the? talc-square*, and is generally preferred for small areas. 

Example : Calculate the areas of the following figures on a scale of 5 chains 
to the inch, by means of the talc-square, or the acre-comb, and give the results 
in acres and decimals :— 

1. Of (Fig T27) ... ... Ans. 5'74 acres. 

2. Of (Fig. 12S) ... ... Ans, 3‘53 acres. 


BY CASTINCx 

15. Cas i ino ni'.iMNE.n. Casting is a method adopted by surveyors to 
compute the areas of pi(?ces of ground wdiose boundaries run in very irregular 
lines, and by which means the trouble of calculating numerous off.sets is com¬ 
pletely avoided, and with proper care ('qual accuracy is obtained. 

16. Mei'iiod of Casting i^.xim.aini^d. (Fig. 340.) It consists in 
equalising the boundaries by the eye, after first having laid down the figure cor¬ 
rectly on paper, as surveyed by means of measured lines and offsets, by applying 
the straight edge of a transpearent piece of horn, or talc or of irum paper, or a. 
piece ol glass, in such a manner that the small parts cut off hy it from the crooked 
figure should be equal to tho^-e taken in. Pencil lines, which care represented by 
tin? dotted lines in the sketch, are then ruled along the (?dge of the horn or other 
substaiK.e, and the figuie afterwards rediK'ed to triangles, the contents of which 
are easily computed by the rules of Mensuration. 
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Example -. ImikI the area of the irregular figure ABCD, it h.aving been plot¬ 
ted oil a scab; of 200 links = 1 inoh. 

hirst equalize the; irregular boundaries by the stnaight lines AH, HC, CD, 
DA ; next join A(', and draw Dhi, Dh' perpendiculars on AC ; then, by Mensura¬ 
tion {sec Chap. 11 , Art. 33) area = (Dli -f Bh) X = (173 + 176) X Ali. = 

349 X 186 = 64,914 square links. 

17. fASTlNCi WriH THK All) OF A PARAI.I.I-:!. RuI.KK. (Fi^;. 360.) 
Casting may be more eflieiently performed with the aid of a parallel ruler, in 
accordance w'ith the following general rules : — 

(1) Draw a pencil line, as H3, at right angles, or at any other angle, to the 
chain line, as AB. 

(2) Lay the ruler from the first to the third angle, and mov(^ it parallel to 
the second angle; then make the iirst mark on the i)encil lime 

(3) Lay the ruler from the first mark to th(' fourth angle, and move it parallel 
to the third angle ; them make tlu^ sec'ond mark on the pencil line. 

(4) Lay the ruler from the second mark to the* iifth angle, and move it 
parallel to the fourth angle; then makc^ th(‘ third mark on thi^ p(‘ncil line. 

(5) I.ay the ruler from the third mark to the sixth angle, and move it parallel 
to the fifth angle ; then make the fourth mark on the pencil line ; and so on, the 
process of casting may be effected to any number of angles. 

(6) Great care must be taken to prevent the least slipping of the parallel 
ruler during the operation, otherwise the result of the work, if the error is not 
discovered and corrected imiiKidiately, will be wrong according to the magnitude 
of the slip. 


Problkms in Casting. 

18. PROBLr:M \.—-To reduce an irregular offset-piece AubcB to a right- 
angled triangle of equal area. (Fig. 360.) 

Draw' the indefmiti? pencil lint* P>3 perpendicular to BA. Lay the parallel 
ruler from B to and move its further side tt) c, which w'ill cut B3 at i, w'here a 
mark must be made. Lay the ruler from i to a and bring its near side to 
marking B3 at 2. I.ay the ruler from 2 to A, movt' it parallel to a, marking B3 
at 3. Join A3 ; then BA3 is the right-angled triangle required. 

19. lb<()BLi‘:M II. -7(7 reduce a curved offset-piece AabcdeB to a right- 
angled triauife 0^ equal area. (iMg. 361.) 

Divide the curvt^ by points, a, /^ etc., so that the parts A(^ ab^ etc., may bo 
nearly straight, and draw' A5 perpendicular to AIL Lay the ruler from A to b\ 
move it par'^dlel to r/, and mark A5. which it cuts at i. Lay the ruler from i to 
c; move it parallel to /», and mark A5 at 2. Lay the ruku* from 2 to (^, move it 
parallel to c:, and mark A5 at 3. Lay the ruler from 3 to c; move it parallel 
to (/, and mark A3 at 4. Lay the ruka* from 4 to B ; move it parallel to c, and 
mark A5 at 5. Join B5; then AB5 is the right-angled triangle required.^ 

20. Probi.kM 111. -7(7 reduce the irregular figure ABCDEFGHK to a 
trapezium of equal area. (Fig. 213.) 

Produce the line AK at pleasure. Lay the ruler from K to G ; move it 
parallel to H, and mark AK produced at i. Lay the ruler from i to F ; move it 

parallel to G, and mark AK prodiK^ed at 2. I.ay the ruler from 2 to E ; move it 

parallel to h\ and mark AK produced at 3. Draw' a line 3 to E and produce it. 

Lay the ruler from E to C ; move it parallel to 1 ), and mark 3E at 4. Lay the 

ruler from 4 to B ; move it parallel to C, and mark 3E produced at 5 - Draw a 
line from 5 to B ; then AB53 is the trapezium required.* 


OnsERVATIUN. 

*In this manner the crooked .sides of a held may be successively reduced to straieht ones. 
if the side Al^ had been crooked, the operatio n of strai.^-htening might be continued by producing the 
dotted line 5B, and finding successive points therein, corresponding to assumed angles, nil the last 
angle was brought thiTcon! and so on with respect t »the side AK. had it also been crooked. \\ hen the 
sides of a held arc curved, the method of reducing them to straight lines is the same as shown in Prob. II, 
Art. J9 
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21. PKOniJ'.M \y— 7 o reduce the irregular figure AIjCDEFGIIA io One 
triangle cqu il in area ihereto. (1‘ii;’. o/.v) 

Fn^luce any line of tlio as AH, both ways. Lay the ruler from A to 

C ; move it parallel to ]>, and mark AH at b. Lay the ruler from b to D ; move 

it parallel to C, and mark FiA produ('(‘(l at c. Join cD. F.ay the ruler from H to 

1^' ; move it paralkd to ( 1 , and mark AH produced at g. Lay the ruler from g to 

K ; move it parallel to \\ and mark AH at /'. ]-ay the ruler from / to D ; move 

it parallel to E, and mark AH produced at e. join 13 ^; then cDe is the triangle 
required. 

2 2. Piu:)BLr:M \k —To draw an eqnali'zing line through the crooked fence 
abode, so that the hvo fields i\Eedcba, DCedcba^ may be Jour-sided and unchanged 
in area. (Fig. 339.) 

Lay the ruler from to ^; move it parallel to /;, and mark AD at i. Lay 
the ruler from i to ; move it parallel to c, and mark AD at 2. Lay the ruler 
from 2 to e ; move it parallel to d and mark AD at 3. Draw the line e?3, and it 
Avill divide the two fields as required.* 


BY THE PI.ANIMETRR. 

23. PlanimI'VPRR DKSCKiHKD. (Mg. The f is an instru¬ 

ment, about 9 inches in length, used for calculating the contents of irregular 
figures on paper. It is most simple in its application, and gives the result with 
the greatest accurac'y. The rod A, bearing the tracer T, is graduated to the 
follow’ing units of measure (but there are other kinds differently graduated, and so 
give the contents in different denominations, whether English," French. Russian 
etc.) : - ; 

o‘i □ / = o‘i square foot. 

IO □ z;/ =10 square inches. 

0*5 □ = o'5 square decimeter (French measure), 

instrument out of the case, the rod B must be shifted from 


On taking the 


under rod A to the side on which is fixed the clamping screw C, or to the side 
opposite that on which the graduations are marked. To find the area of any 
figure, push the rod A into the lube O till the graduation marked o‘i square foot, 
10 square inches, etc., as required (but as the" generality of maps are drawm to 
sc)me propoition of the inch, the index would have to be set to 10 square inches), 
coincides with the small line, or index, of the bevelled edge of tlie tube O. Clamp 
C, and by means of the slow motion screoo S, make the coincidence perfect. 
VVhen this is done, pL'K'c the instrument on the paper and see that the 
roller D, the tracing point T, and the needle point P, upon all three of which 
it rests, touch the paper. Press the point gently into the paper at a con¬ 
venient place within or without the figure to be mtxisured, so that th(i tracer T 
may traverse the entire periphery of tin* figure without the point P being shifted. 
A littie experience and thouglit will show where the point 1 ^ can be most conve¬ 
niently placed, so that the greatest area within easy span of the instrument may 
be obtained at one operation, 'fhat the point 1^ when fixed may not move during 
Uie operation, a small circular given to be inserted in the hole over it. 

Having hxed 1 place the tracer d* at any point on the outline of the figure about 
to be measuixd, marking the point clearly, so that the tracer may return to it; 
note tile readings of the two wheels G and J.) ; the readings given by the horizontal 
isc G die whole numbers or integers, and those given by the roller D are decimal 
parts, hor example, suppose the horizontal disc G shows 3, the roller 1 ) 87, and 
the verntcr,\ which is attached to the roller D, 4 ; then the reading of the instrument 
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before starting is to be set down as 3’874. Follow the periphery or boundary line 
of the figure, in the direction of the hands of a zvatch, as acciiratelv as possible, 
observing also that the point T n(v>r approaches the point P ^cirhin an angle of 
20°, as the area becomes unreliable by so doing, until you arrive at the starting- 
point (straight lines may be followed along a ruler) ; then read off the numbers 
on the disc G and the roller D, which suppose to be 9761. Notice must be taken 
whether the disc G has made an entire circuit (i. e., where the zero of the disc 
passes the index) forivard or bockward ; if so, 10 must be added for every revolu¬ 
tion to the whole number of the second or first reading according as the 
motion is forward or backward; thus, if the disc had gone once round forward^ 
the second reading would have been 19761 ; if twice round, 29761 ; and so on; 
but if the disc had gone once round backward, the first reading would have been 
13'874 ; if twic(‘ round 23’(S74; and so on. W hen the two readings are obtained, 
there arc two cases to be observed in computing the area;—• 

1st Case.—‘When the point P is fixed outside the ligure. 

Rule \ Subtract the reading jrom theA reading (increasi^d by 
10 for every forward revolution of the disc), and multiply the remainder bv the 
unit of measure (as o‘i sq. ft., 10 sq. in., etc., to whichever graduation the index 
is set). 

Suppose the unit of measure to be o'l sq. ft. 


9 ' 76 i ... 

2nd reading. 

3'874 - - . 

1st „ 

5'887 ... 

Difference. 

01 •«. ... ««. ... 

Unit of measure. 

0^5887 ... 

Square feet. 

ose the unit of measure to be 10 sq. in. 

9761. 

2nd reading. 

3'«74 . 

1st „ 

5 ' 8 H 7 . 

Difference. 

10 ... 

Unit of measure. 

5887. 

Square inches. 


2nd Case.—When the point P is inside the periphery of th(^ figure. 

Rule : Add- to the second reading the constant number engraved cn the rod 
A above the corresponding unit of measure^ subtract from this sum the first read¬ 
ing dncreascd by 10 for every backward n.'volution of tlie disc), and multiply 
the remainder by the unit of measure"^ (as o'l sq. ft., 10 sq. in., etc., to which¬ 
ever graduation the index is set). 

Suppose the unit of measure to be o'l sq. ft. 

9761. 


20708 

30*469 

' 3'874 

26595 

0*1 

2'6595 


2nd reading. 

Constant number on rod 
over 01 sq. ft. 

Sum. 

1st reading. 

Difference. 

Unit of measure. 

Square feet. 


OBSF.RY.VTlOX 

♦ The constant number, being the .iro.i of .1 circle of which P is the centre, .and the di-t.ince from P to 

the axis O, the radius, is in this case 20708, the unit of measure being o*i sq feet and the unit of 

measure being 10 sq. in. It is well to recollect that these constant numbers vary in different plaiiimelcrs. 



78 


AID TO TAND-SURVKYING. 


Suppose the unit of measure to be lo sq. in. 

9-761 ... ... ... ... 2iid reading;. 

22069 ... ... ... ... Constant number on rod 

_ over 10 sq. in. 

31-830 ... ... ... ... 

'3 874 ... ... ... ... 1st readiiii^. 

27-956 ... ... ••• ... Difference. 

10 ... ... ... ... Unit of measure. 


279'<^6 ... ... ... ... Square inches. 

Having found the ar(.‘a, let us suppose, in square inches, it remains to multi¬ 
ply this by th(^ number of square miles, or squares fet‘t, which a square inch of the 
map or plan op(Mat(‘d upon represents. 

'bo take another exampli', suppose it was required to obtain the area of a 
figure oft a plan constructed on a scale of 16 inches — i mile. Adjust the plani- 
ineter as before, and set the index to the graduation on the rod marked Q-i sq. ft. 
Now, suppos(‘ tlui first and second readings were iound to be respectively 4728 
and 7*699; the area would be calculated as follows: — 

7-699 ... ... ... ... 2nd reading. 

4-728 ... ... ... ... 1st 

2-971 

36 


106*956 

It is of no ('onsequenc(' whether the roller D is inside or outside the figure 
provided it is on the same level. In measuring small figures, the point V is fixed 
oicfsidc the periphery ; for large ligures, th(‘ point U is fixed inside tlu^ p(U‘iphery. 
h'or the contents of very large figures, tlu‘y can be subdivided by drawing straight 
linivs through tlu‘m, and the contents of th(^ several parts computed s(‘parati‘Iy 
and added togetlun*. (A'eat care is in'ci'ssary in using and handling this delicate 
and useful little instruiiKuit, and no force should be emphayed in shifting the rods, 
etc., for the slighest injury to the axles of motion will ruin it hopelessly, 'fhe 
roller D should be kept ])erf(‘ctly free of rust, or true results will not be obtained, 
rile axles may be occasionally oiled. If, after biung some time in use, th(j instru¬ 
ment do(.s not give a('curate results, wh(*n tlu^ rod A is s(T to one of the marked 
divisions, it should be ('orreeted by tlu^ tangent screw, elongating or shortening 
the arm to the required ItMigth. I o test its aciairacy, draw a small squan^ care¬ 
fully to scale, and see that tlu? nisults, as calculated by the known value of the 
sides, and by tlu^ instrument, coincide. 

CHAPTER IX. 

Chain Surveying. 

1. Chain DI'.scribkd. (Fig. 349.) The Cluiin is an instrument used for 
measuring the distances required in a survey. There are two descriptions of it, 
one is 100 feet long, divided into 100 equal divisions, called links, each link being, 
therefore, equal to i foot; the other is the Gunter's chain* which is 66 feet long, 
divided, like the other, into 100 equal divisions, also called links, each link being, 
therefo.e, equal to of a foot, or 7 92 inches. 

2. CoNsi Ruci ION OF cii.MN. (fig. 349 -) Both descriptions of chain are 
constructed in the same way, but differ only in their length. They are usually 
made of .strong iron or steel wire about y- of an inch in diameter; each end of the 

OBVEKVXTIOX. 

* So named after the inventor, Dr. l^dnuinJ Gunter, an eminent mathematician, in 16'o. It is aFo 
sometimes c.'illed a chain. 


Difference. 

(Constant multiplier for 
scale of 16" = I mile, to 
obtain area, in acres.) 
Acres. 
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link is bent round and joined to the next link by 2 or 3 small rings,* which can 
be removed or more enU^red wIk^ii necessary ; the last link al (‘acl/ end is shorter 
th«an the others, and has a small brass swivel-handle attached to it, and this handle 
being counted as a part of the link, makes its length the sanu‘ as that of the others. 

3. NumberinHj of ijnks. (log. 349.) The links an* numbered from 
each end of the chain towards the middle. At every tenth link from each end is 
attached a piece of brass with points;! that at the 10th link hasom? point, that at 
the 20th link has two points, that at the 3olh link has ihrt'c points, that at the 40th 
link has four points, and that at the 5^^tb link, or the middle of th(^ chain, has a 
round piece of brass ; so that it is evident that the 10th link from one end of the 
chain is the 90th link from the other, and the joth link from one end is the 80th 
from the other, and so on ; hence, any distance on the chain line may be readily 
counted. 

4. Arrows described, lilach chain is provided with 10 pins called 
arrows,\ made of iron wire and each about 12 or 15 inches long. They are pointed 
at one end, so as to be easily pressed into the ground, and turned at the other, so 
as to form a ring to serve for a handle, "fhey are used in succession to mark the 
chain length in measuring a line. 

5. DlFFERr.N'r USI'^S OF THE TWO CHAINS, k'or g(.*neral use, where linoar 
measurement is alone the object, the 100 feet chain is most convenient, but for 
work in the hills or for measuring ollsets of a chain line, oiKt that is 50 h'et long, 
which is in every way similarly made to the formin', except that it ha*^ brass 
notches at every 5 links, may be used with advantage. W hen the sole object is 
to obtain the areas of jields in acres, the Guntin'’s chain of 66 f(.*et is specially 
adopted. 

Since 66 feet = i chain, 

66 X 66 = 4,356 square feel ::::= i square chain, 
and .‘.4,356x10-43.560 „ „ = ]o „ ,, ; 

but i acre — 43,5()o ,, 

heni'e i acre = 10 square chains. 

Thus, the area of any field being found in square chains, the same can be 
reduced to acres by dividing it by 10. 

Since there are 100 links in one chain, 

1 square chain = 100 X 100 -- 10,000 square links, 

.‘.10 ,, ,, = 10.000 X 10 — 100,000 ,, ,, 

and since to divide by 100,000 is the same thing as to point off 5 places of deci¬ 
mals from the right, the area of a held being given in squarii links, it can be 
reduced to a(Tes by simply inserting a decimal point between tlu* 5th and 6th iigurijs 
from the right, thus lixaving thi^ ligures towards the right hand for the decimals 
of an acre and thi^ remaining ligures towards the left hand for the acres, l^or 
the rediU-'tion of the decimal part to square annas and pies (Hurmese measure, 

Table LXI, “ Calculating Tables,” 5th edition) ; multiply the decimal by 16 
and cut off five figures of the prodiK't from the right, thus leaving the square annas 
on the left hand ; again multiply the last decimal by 12 and cut off five figures 
from the product as before, for the square pies. 

Example \ b'ind the area of a held of which the breadth is 678 chains and 
length 8*32 chains, the measurements having been madti with a Gunter’s chain.^ 

678 chains — 678 liiiKs. 

8-32 „ = 832 ,, 

2,034 
_ 5,424 _ 

.*. area = 564,096 square links. 

OnSKKX\TI ons. 

♦ By the use of these rinj;s the chain is less li.ib.e to twist .aiicl i^ct entangled or kinked. 

t Also called “ C/hain numbers.'* , , . 

t'rhe re.'ison why mis the number adopted is that lo Gunters chain = l furlong and 8 fuilongsor 
Sn cluiins - I niile; .also because, apart from its bcini* easily remembered, the work of t.ibulating up every 
to chains'distance travelled of a nu'.'isurcd line is f.arilitatcd. Again, an acre of land = lo square chains. 

§\\Tcn the word chain alone is made use ol, Gunter's chain is always meant 
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Cuttiii" off five figures from the right hand 
gives 

Multiply the decimal by i6 ... 


5 64096 acres; 

16 


10 25536 sq. annas ; 
12 


gives 

Multiply the (Iceiinal by i-' 

irives ... ••• - 3 ;o 6433 sq. pies. 

Hence area = 5 •I'^res, 10 sq. ann.as, 3-06 sq. pies. 

And since 1 ame = 4TSbo square feet, if the above lie Id had been measured by 
a 100 feel chain its length and breadth being multiplied together, the product 
mmld have to l.e divide.i by 43,360 to reduce it to acres, which is evidently not 
nearly so .simple a method of arriving at the area, in acres, as pointing off five 

places of decimals. i • • r i i 4. 

6 I I \HI1.1 rv TO KRRORS IX CHAINS. The chain IS liable to many errors ; 

isf in itself; JnJ. in the method of using it; and Jni. in the uncertainty of pitch- 
im^he arrows ; every possible precauthm must therefore he used. If the chain 
is‘pul'<-^l the rings between the links will open and make the chain too 

lom>’ and the arrows will imdine, thus making the m(\isuied hn(? sliortcr than it is. 
Imw,’ suppose the chain to be i inch too long, in ev(.Ty chain measured there will 
be 1 in('h of ground included which ought not to be intduded, and theiefore the 
measured line will be s/iorfer than it ought to be. If. on the other hand, the chain 
were n()t dra\\ad sufficiently tight, or Avere not long enough, the measure obtained 
Avould be longer than it reallv is. 

7. Troxusion F(jr krror of Chain. If a line has been measured with 
an incorri'ct chain (and siudi is often the case), tht? true length of the line x\ill be 

obtained from the following proportion: — 

length uf correct chain ; length of chain used !! measured distanct' : true distance, 
hor example, suppose the chain ((lunter s) to have stretched 3 inches, and 
that tht" nieasur(M distan(a‘ is 2,080 links, then: 

265 X 2.ocSo _ 2.088 links, true distance. 

()6 X 4 

To take another example: suppos<‘ the distancf^ b<dween two places was 
measured and found to be 2 mih^s, hut that the chain with which the distance w«as 
measured, and which was supposed to lu‘ 100 feet long, was really only 99 feet 
11 inches long; what is the true distance between the places? 

2 mih^s = 5,280 X 2 “= 10,560 feet. 

loo feet: 99I.! feet :: 10,560 feet: ^’^99 X 10.560 _ 10,551 feet, true 

distance. 

rh(‘day’s operations should be invariably started with a chain; but 

if from any (xiuse an imorrect chain is used at the (a)mmencement of a piece of 
work it nui^t he again measured at the iinish (as laid down in Art. 10), and 
the mean of the two errors taken for the length of the incorrect chain for the 
purpose of the ('alculation ahov(i given; for tin* obtaining of thci true length of a 
measured line, or for that of th(t finding of the true area of a survey {see Art. 
49). rims, for example, at the start of a measurement a chain was 3 Inches 
too long and at the Imish i inch too short; then the length of the chain 

Used would be ^ ^— inches = 1 inch in excess of a true chain’s length. Or, 

suppose at the start the chain used was 2 inches too short and at the close It was 

-short by 4 inches ; then the ?/iean length would = ~ inches = 3 Inches in 

^ 2 ^ 

tte/ecl of th(i length of a inie chain.* 


66 ft. : 66-| ft. ;; 2,oS<;) link^ 




cMiipIoynicnl, ruMilts doiihlo mrasiirumcnts r.f tlio lines nrc made by the 

F-n.^ths, :ut h. sun. /' "v'’ ? (which, beinj^ of different 

deii (.11 th.an it a Oiain wen- ..l! nV v.ahio of both bi'ini^ manifestly more to be depen- 

nienls made in ont' dun omination ^ ^ necessary to convert the measurc- 

)mmation mto tlimr equivalents of the other; that is, of chains into feet, and vice 
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8. Testing chain’s u^iNcrni. (Fig. 443.) To provide against errors 
of the above kind, the chain should be frequently tesh^d. If the ('hain is a new 
one, it should invariably be measured duly until it has stret('hed to its utmost; 
if an old one, ()ne(.‘ in every sev(‘n days is sulTicieiit; for suppose a L'hain to have 
stretched 3 iiK'hes, then, although apparently trilling, in a day’s work of about 
300 chains the error would be 73 h'et in tin* wholes distama^ imaasured. The 
comparison should be mad(i with two Standaril steel bars, shown in the figure, 
which arc ea('h one iiu'h square m thickness and 0 feet long, having fi^et and 
inches correctly markial on them ; if these an' not available, tlie ordinary offset 
rod will, for gc'neral purposes, b(i suf1ici(‘ntlv a('(mrat('; two should be used, thus : 
Stretch the chain modc'ratc'ly tight on a l(‘V(‘l pi(‘ce of ground, fixing two stout 
wooden pins at (^ach (md in the handk' of th(‘ ehain ; tlum lay down two rods in 
succession from one end, ke('p the s(‘cond stationarv. and taking up the first, platan 
it beyond the second; then kec'ping that stationary. tak(' up the second and place 
it beyond the third, and so on, until the end of \\ut chain or 1 i rods is reached, 
when the deficienc'y or excess of the ('hain may b(^ imvisured with any scale of 
inches and the correction made at'cordingiv. If thi! (h'fu'icaK'v or t*xcess is gn*at, 
for the former straighten some of tlu' links, which are sure to b(' fimnd bent; for 
the latter remove from (\a('h extiamiity of th(' ehain one or more of the rings as 
necessary. 'The same ('orrection. whatexa'r it b(*, should be made equally at both 
extremities, in order that the middle point of the' ('hain may be in its true position, 
in which case the error will l)e spiTad throughout tlu' chain. It is a good plan 
for the Surveyor, when Ik' has once got a corre('t chain which has been duly tested 
wath soiiKi known standard, to himsedf mark out the true chain’s length in the 
vicinity of his resideiu'e, to which his ('hain could be referred w’hen required, h'or 
this purpose, let him s(dect a tolerably \c\c\ piece of ground and stn'tch the chain 
thereon to its fullest extent ; tlu'ii mark the poitits on/s^de (SK'h of th(* two handles 
of the ('hain, whc're drive two stout wooden pegs about a ('ubit long wa^ll into the 
ground and n(^arly flush with th(‘ surfa('(‘. A strong nail might advantageously 
be driven into th(' centre of (‘ach of thes(' pegs at top, into wlfu'h th(^ handles of 
the chain could be inserted at tlu' tiim.' of testing its kuigth. Th(i distance from 
the centre of one peg to the (a'ntn* of th(‘ oth(‘r should ('ona'spond exactly with 
the true chain’s length mea^uo'd from tlu' out(‘r side of th(' handle at one end to 
the outer side of the handk' at tin* oIIkt. Any difference th('r(Xift(a* detected in 
the length of the chain from this fixed kuigth wall Ix' the error plus or minus, as 
the case may be.* 

C). HoRI/GN'I'AE and not A( IIJAE DlsrANCES R1':0IIIKE1). (Fig. 350.) 
When the ground over which tlx* measurement is lak('n rises or falls, or both 
alternately,' it must b(' re('olle('t(‘(l that the horic^ovtal distances are what arc 
required for the surv('y, and not the actual distan('('s measured along the surfa('e. 
For ordinary purp()s(?s, the horizontal nu'asurement may be obtained by holding 
that (md of the chain upon which the eround slopes, so as to keep it, as nearly as 
can be judged, horizontal, the arrow' being pla(a*d vertically under it, and so on 
for any dis'tama^; the sum, as AH, of all tliese horizontal distaix'es, (A?, he, de, 
etc,, will be the total horizontal length requin'd. W here gr(.'ater accura('y is 
w^anted, the angles of depression or (:‘levati(Wi are nu'asured with an angular instru¬ 
ment and thti Imrizontal distamx; cak ulated from a table of skqx's (found in Table 
XII, “Calculating Tables,” 5th edition), but this does not yet concern us. In 
measuring along t7ie steep sides of hills, chaining up and dow'n the slopes may be 
accomplished with sufficient ac('ura(W ior all practical purposes by what is known 
as stepping, which consists of short lengths of the chain being h(?ld in a horizontal 


OBSKRV\TIO\. 

vcfsCi, This may be best done bv the aid of Tables I and II of the “ Calculating 'Cables” (5th ed-tion), but 
in the absence ot tables, the rcqiiirod conversions can bo elfectetl by the following simple rules, namely : — 
(i) To reduce links to feet, subirad fr m th(*mifvl>.r ol liiVcs .is many units as it ('ontairs hundreds; multiply 
the remainder by 2 and divide by 3. Thu^. (xSj3 links (0,b23 -(S) X 23 — 4, soviet t. (ii) '/a 
reduce feet to links, .add to the given number half «'f il^Hf, and add one for each hundred (more e.xactly, for 

Ccach ninety-nine) in the sum. 'I’hns, 4 17 fc( t ~ j -u 1 • 1 1 j 1 

♦ 'i\> fold or “do up ” the chain, take the inidtllc of it m the lelt hand, and with the right hand take 
hold of the doubled chain jiisl beyond tlic-ccoml link ; double up the tuo links between your hands, and 
continue to fold up two double links at a time, laying e.aeh pair obhciuely across the others, so that when it 
is all folded up the handles will be on the outside (*as\ to tic up and to carry. 

* I I 
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tli.> ..xtremitv transmitted to tin- i(roimd by dropping thereon the 

“0, Is! . fa- oi i, is-w i.v. .. 1™...,-. ti,. 

iramde of the sl..p.< so muel, l.'ss rr.th tire horizontal d,stane<a and T/ro. vend. 
1„ this'simple mannea-, eliainino alonr;- vry sloping ground may l)e aceomphshed 

.'M' ■n'l'.iK Ifa-ro,o a 11,,.. 

can be nu.asured. its direetion must lirst be ek-arly laid down by memis of flags. 
A flai- is placed npri-hl at ea. h end of the line, and if the line is very long, mter- 
mediate lla-s must be placed so that the ehaiiuHl line may not deviate from the 

To nirisurr aline ^^llh lli(' nbain. l^^o incMi arc‘ ri'quircd one ealled the leader 

who dra<«s the rhain loiuarcl. and lh(‘olheiMhe^/^avr. Havin^^ lirst set flairs 

up at the plaee^ who^t* di^laiua/s ari‘ to 1)(‘ obt.iined, tlu. kader takes tlie lo 
arrows* and pianvials \Nilh one end of th(‘ (diain in the direetion of the line to be 
measured \vhil(‘ the follower holds the other end at [he first station, and directincr 
the leader in a .straii^ht line with the forward Ha-t. l.)y sii^malliiy^ to him wdth the 
hand to mov(‘ laterally rai^ht or left as recpiinal, ^ees that the ('ham is properly 
stretehed, that then* are no knots in it. (te. ; tlu* lead(‘r puts one arrow in the 
ground'and pulls on the ('hain ai^ain ; but if tlu* around is too hard to admit of 
tlu* arrow b(*ini^ drive*!! in, a ('r(^>s sluaind be sc late lied on tlu ground, and the 
arreaw laid dowai pointing-to tl e int(‘i-e( turn. Tlu* folhnver, liavino conu* up to 
this arrow, puts tlu* han(!lk <'[ tlu* «'hain elou* against it on the outside, and again 
dire("ts tlu* leade*!*, who. as before, puts an arrow into tlu* ground against the inside 
of the handli* at his (*nd. J he iollow(*r takes up the lirst arrow', and the same 
process is n*peated until the loth arrow has been put into tlu* ground. Here the 
follower e()iiu*s up lo the leader, and marking a.('euiat(.‘ly the position of the 
loth arrow on the ground, re^tuins the lo arrows to the leader, and the Survtryor 
notes in the margin of his book (i .(x>o). whie'h means that lo chains, or i,ooo 
links, have be(*n measured. The* numb(*r ol arrow*- in tlu* hand of the follower 
added to lo for each time the arrows have 1 e(*n retuined by the follow'(‘r to the 
leader, will alwa\'s sliow tlu* numb(*r of chains tliat havt* b('(*n nu'asiired. So that 
wh(*n the l(.*ader arrives at the st\ ond station, the* number of arrows in the hand of 
the follow’cr (denoting so manv h.h) links). adel(‘d to the odd links on the ground, 
and the number of change's (den(»tlng so nmnv i .ckx) links) will make up the entire 
length of the line hetwe*en the* two stations. 

Ex(Uiiple\ Suppose* the follower has re'turned tlu* arrows three times, and 
has 6 arrows in his hand, and that the (‘Xtre'initv of tlu? line is at the 34th link of 
tlie n(*xt chain; what is the* whole* length ed (he line?? 

Here the 10 arrow s times retunu*d — 30 e'hains 3,000 links. 

6 ,, in his hand — 6 ,, — 600 ,, 

34 links of the* next chain = 34 .. 


Total length = 3,^334 ,, 

11. Ch.mn.mI'.x ro HI*: wak iiko. The Surveyor should keep a continual 

watch over the chainmen in measuring rm(?s, and not allow' them too riuu'h latitude, 
and to do that his position must be just in rejar of the chain, otherwise the chances 
are that the measurements will be (arele*sslv made and an incorrect account ed the 
niinner nf chains gone over kept, thus probably necessitating a remeasurement 
of tlu? wholes w(jrk.t i S 

12. CiiMxiNo o],' luhXG iJXF.s. For long chain lines, especially over 
uiululating ground, it is requisite to range out as many intermediate points as 
ma} e (.(.cmed necessary. In this end, flags having already been placed at the 


bi: itie mori' r'o,ndiVdiibiH'u!-.h" !l VlK'-rnTm/l '• arrows, so that they may 

wsrd tti m.Trk ilu* end of the e i iri t\ ^ t'Cinq- of brn-s, or otherwis'.* different from the rest, bein<f 

t As tlu‘ folln-icer is U c mori i<* I ^•'’'’pp'^^‘'ther bein}' substituted for it before the leader j^exs on. 
put on to thisditv. If iiu vn, t if.nrr.T P» rson of the two men. the mo*e inte’liiicrt of them shouM he 

to measure the nist.inrc hetwocn ;inv ^ have t- beemfiloycd, the .Sure-eyor wouirl c!o well to get them 

differenre of the two rcsulis oil j 1 » I ■ P'^mfs, and ilien rttneasure it in tlie opposite dircctiem. the 
ou,?l,t t , .mpres, upon them the ncce-sily f< r great carefulness. 
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extremities of the line that lias to he (‘hainecl, a man should be sent ahead to plant 
other flags in the ('hain line at intervals, as required, the Surveyor himself directing 
from 3 or 4 yards to the rear of the flag at the commencement of the line. In 
tliis way chainiiyg operations of long lines are accurately performed, the interme¬ 
diate flags acting as useful guides for both the leader and follower. Often it 
may not be possible to command a view of the forward station, which is situated 
perhaps in a valley, when it is manifest that unless intermediate points, such as 
those referred to, were pnwiously established, it would be impossible to chain the line. 

13. M.vximu.m r:KROR allowed. The maximum error allowed, in lineal 
measurement on the Revenue Survey, according to the test it is submitted to by 
traverse proof, a rigid mode of calculation of a theodolite traverse survey {see 
Chap. XIV, Arts. 9—10, 15) is i link in 10 chains, equal to 5‘28 feet per mile. 

14. SURT'ACE TO HE DIVIDED INTO TRIANGLES. (VigS. 337, 348, 369.) 
In making a survey with the chain only, we are confined to one, and the simplest 
geometrical figure, namely, the triangle. The surface to be measured is therefore 
to be divided into a series of triangles {see Fig. 348), and they are to be as large 
as is consistent with the nature of the ground and the surface to be surveyed. 
The sides of these triangles are first measured, and, as a necessary check on this 
part of the work, a straight line is in addition measured from one of the vertices 
to a point in or near the middle of the opposites side. This fourth line, as B/; or 
xy {see big. 337), is called a tie-line ov proof-It ih\ and detects errors which may 
have been committed in the measurenuMit of the sides of the triangle. Indeed, 
the triangle could not be consi<lered cornn't unl(‘ss such a lie-lin(' was measured, 
for the three sides of a triangle, how'even* carefully measured, are no guarantee of 
its accuracy ; there must therefore be a proof or tie-line. W ithin the larger tri¬ 
angles as many tie-lines and smaller triangles an* to l.)e nu^asured as may be 
necessary to determimi the positions of all th(* objects einbraca^d in the survey. 
1 he directions of th(i lines forming the sid(.*s of th(‘se secondary triangltN must be 
so disposed that the offsets to be measured from them may be as short and 
as few in number as practicable. 

15. To FIND THE ITIIRD SIATIOX OP' A I'RIANTUE. (Fig. 351.) In 
using a measuring chain all three sides of a triangle are measured ; lumce having 
two stations f of a chain line given on papra*, thi‘ third may be found thus : From 
A and B as centres, with tli(‘ measured (listanc(‘s AC, BC as radii, describe two 
arcs of circles intersecting at C, wiiicii is the required point. 

16. RoiKill SKl’/rcil IN lllE h'lELD-nooK. (Fig. 354.) 'fhe dispo¬ 
sition and general combination of these triangles dmnand care and judgment. 
Previous to commencing any nw^asununent make a careful rec'onnoitre, that is, 
WT-ilk over the ground for the purpose of obtaining a general knowiedge of the 
surface, and of the relative positions of \hr. most conspicuous objects. This is an 
important and absolutely (Essential part of the proceeiling, for without it the w'ork 
W'ould in every probability be unsystematically laid out, and there would perhaps 
be some hitch or delay arising on account of some unfor(‘S(‘en ('ircumstance, such 
as the encount(M'ing of obstacles not previously observed, and the like. Next 
draw’ a hand-skc^tch, or rough diagram in the hield-book {see the h'igure, sheet 
No. 18) resembling a plan of the ground to b(' surveyi‘d, showing some of the 
principal roads, streams, temples, etc., so as to assist the memory in distributing 
the surface into triangles. The after operations of plotting the survey from the 
field-book are made very much simpler if the positions of the measured lines and 
the stations be also shown in the rough sketch, which, it may be remarked, should 
at the same time be neat. 


observations. 

* In Uying out both principal and secondary lines, deep lakes and tanks should be avi ided if possible; 
if this cannot be done, a rope may sometimes be carried round and sirrtchcd across, or the distance may be 
obtained by laying off four right-anjjhs with the optical squarr {see Art. 27) as in Fi^^ 369, m^kinij cd -fe 
and takin.i? the distance equal to the inaccessible portion (rc) of the line. Lhainmen should never be sent 
with a chain into water beyjiid their depth. 

t Stations are certain marks left on the i^round .ilom' various survey lines to which reference has 
to be made at a future opportunity. On extensive and impori.ant survc)s it is necessary that these marks 
should be more or less permanent. In arable lands and for ordinary w. rk, a stout pci,* well dri^e^l info the 
ground is all that is usually required. On plans, stations are denoted by means of a sm.all equilateral 
triangle 01 a circle, drawn on the paper thus: A» 0* 
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17. Chain links to hk run akont; boundariks. (lu^-338.) The 

sides of the larger triangles must pass as elose as possibles to the external bounda¬ 
ries to be survcAa^d, anil th(* iieaiaT their approaidi is to an eqilatcral form the 
better; otherwise, if a slii-hl error has oeeurred in iiu‘asuring any one of the sich^s, 
the area of the lii^urt' is tiirowii out a uuvit de<il. 

18. Stations dis riNaaosiiKD. (hii^. 838.) The triaui^des havinj^ been 
thus disposed, poi^s an^ plat ed in tln^ ground at eaeh vertex of the triangles, and 
the stations art' lettt'red t)r nuinbered, as the ease may be, in the hand-sketch, 
h'kvrs inii^bt at the same timt' be temporarily st't up at all th(^ points selected. 
Thase aR* usually made of bamboo. 10 feet or so in length, surmounted with a 
piece of rt'd and white cltitli, about iS incht's by 12 in size, so as tt) be readily 
discernible at long distances. 

19. OKKSiirs DK.SC'RIBKD. (Figs. 352. 501. 522.) Offsets are short per¬ 
pendiculars, as Fig. 352), measiireil frt)ni points on the chain line to 

the angles of a crookt'd or zigzag lint*, or to objt'cts situated nt'ai the chain lin(^. 
These'distances are gt'nerally measured with a so-link chain or with a measuring 
tape^ [see Fig. 301), (such as Clu'slermann's, which is 66 h'et long, having feet 
divisions on one 'sid(‘ and links on the other), the lattc'r being very useful for the 
measurements of the rears of houses and yards, and small enclosures, through 
whic'li the chain cannot be taken ; but if the distance's are very short, they may be 
measured by a rod with an iron spike at one end, ('alk'd an offset rod [see lug. 
122), and which is lu feet or 10 links -- 6 lee't 7 2 inches in length, divided into 
feet or links, according to the desciiption of e'hain used, whether th(^ 100 feet 
chain or Gunter's chain. Tlu'sc parts or divisions should bt^ painted w'hite and 
black altcrnate'ly, to distinguish the links easily. 

20. OkKSK'IS Dl-TKKMINI' Till* I'OSllION.S OK OBJKCTS. (lug. 352.) 
It is clear that if from certain points in the chain line offset measurements are 
taken to the two ('orncTs of a rectangular house, its position becomes dtTermined ; 
thus : at a certain distam e from A, the corner of a house is at a perpendicular 
distance ad, and at a disiancc' Ac from A, ihc other corner is distant cd from the 
chain line, the position o\ the house* is exactly known. In the case of buildings, 
diagonal tie-lines, siudi as C to d and c to might also with advantage be taken, 
so that th(‘ angles may he hxed with exactitude. 41 ie right-angles for the offsets 
should b(; carefully set out, while the lengths of the irontag(*, sides, back and 
projection should be ai'curately measured and recorded. So also w'hen the chain 
line runs through a town and crosS-streets are im*t with ; in such cases it would 
be well to take, in addition to the ordinary olfsets to ihc four angles, diagonal tie¬ 
lines as a greater check on the work in tlie diT(*rmination of the positions of the 
four points formed by thi' cross-roads. 

21. Manni\R or suRVi'.viNO a I'KxNcr:. (Fig. 353.) Suppose it w'ere 
necessary to survey a fence, ('ommema^ by measuring a main chain line AB along the 
side, and take offst'ts show n by the dotU'd lines perpendicular to it, to the several points 
or angles in the boundary, noting them in thi; h'ield-book, as hereinafter explained.. 

22. (jNiA' i(X) KiH'T orKSK'is TO JH*: lAKr.xN. Offsets longer than 100 
feet, or about iGunt(*r’s chain, should never b(‘ admitted in a chain survey. 
The main chain lines must be so adapt('d that no siudi long offsets wall be neces¬ 
sary ; if this ('annot be managtal, smaller triangles must be built on them, and so 
prevent the necessity of long offsets. 

23. Obkioui^: 010^'SK'is nr.KiNKD. (Fig. 341.) If a solitary object is at 
a considerable distance from the chain line, its position may be fixed by measur¬ 
ing two distances ac and be from tw'o convenient points in the main chain line and 
some distance apart. These distances arc called oblique offsets, as they are not 
perpendicular to the chain line. 

24. InTKRMKDIATK STATIONTS on (HI.MN link to bk marked. (Fig. 
338.) In measuring a chain line all intermediate stations, as 5, a:, y, left on the 
line from which it is intended to run cross or tie-lines, or else from which to fix 

OBSERVATION. 

* This should be used only under exceptu nal circumstances, as there are several objections to its 
constant employment for offset measurements. After much use or wet it elongates and is not very strong 
or durable either. Tlie measuring tape is best suited for engineering purposes. 
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on othoi trianj^lcs, iniNt b(.* marked at llie time of measuring the sides of the 
principal tiiangl(‘s, with t*itli(*r a peg dnv(*n into the ground at the point, er bv 
some other means; in fac't, it is a good praetiet* to scrah'h aline at every point on 
a chain line wlienee an offset is taken. 

25. 1 1<llM ION ()i< Cross-S'I A 1* I*', (hig. .^42.) The ^ is an 

instiument used for tiu' purpose of taking ollsets, and can be made up by any 
carpenter. ^ It ('onsists of a piece of wood, about 6 inches square and i .1 inches in 
thickness, lixed on the end of a stall about 5 feet long, with an iron spike at the 
end for the convenieiua^ of planting it in the ground. TIk^ squan^ pitH'e on the top 
has two grooves, ab and al, in it, about half an iiu'h deep and half an inch broad, 
made with a common saw, at right angdes with (*acli otlun* in the (aaitrc? of the 
board. This instrument being placed in a vertical position anywhen^ on the 
chain line, if one groova^ b(^ directed to th(! forward or back station, the other will 
of course give the perpendi(ailar to the chain line.'*' 

26. Ol^TlTAL SO[;.\RK i;sRI) l-OR ()F 1 * SI* 1 s. (Idg. 497.) Ihjsides the 
cross-staff an instrument called the, opiiCiil sqwire is employed to obtain tlu^ per¬ 
pendiculars on a ('bain line, and it giv(‘s them much moi ti I'orrectly than the cross- 
staff. hor long offsets, especially, th(^ cross-staff has b(‘tMi almost superseded by 
the optical square, whicdi is much superior to it both for ('onvenitMice and expedi¬ 
tion ; and it has als(3 the advantage of grtsater portability. 

27. IJKSCRlFTtOX OF THF Ol’TlCAl. SoiJAKF. (f'igs. 397.) The 
Optical square [see big. 397) is an instrument for setting off right angles and 
raising perpendiculars on a chain line. It is made of brass and Resembles a hol¬ 
low wedgc-shapiul box (^f 2-inch sides and 1.] inch depth, having a handle iixed 
below about 3 inches long. It contains two ret tangular strips of looking-glass 
fixed at an inclination of 45° ; hence, while viewing an obje('t direct vision 
through th(‘ opening on the hollow' side and one of the two rec'tangular apertures 
over the mirrors, any otlier, forming a right angk.^ with it at the place of the 
observer, will be.* referred by refection, so as to coincide with the object viewed. 
Ihus a line may be? laid out perpendicular to a statie)n-line, and fre)m any point on 
it, by simply standing with the instrument ove‘r tin? give*n point, and looking 
through it along the* line, having a pe*rson te) go with a (lag in the directie)n the 
perpendicular is required, and signing to him by hand to move* to the* right or 
left, until his flag is se‘e*n by re*flee'tion to ('()inci(]e with some objt.’ct on the line 
along w'hich the* observe*!* is looking, when the* place of the Hag will he* a perpendic¬ 
ular to the station-line at the place* of the* obse*rver. If it be required to find on 
a line the plae'c of a perpendicular from a fixed objee't, as a house, etc., the 
observer himself must move along the line until the image of the? object appears, as 
before, in the direction of the? line; and tlie* place w'he'ie he then stands w’ill be the 
spot W’herc such perpendicular w'oiild fall. Suppose AH {see b ig. 389) to be a 
chain line, procc'eding in the dire*('tion of l>, at w'hi('h the?re is a flag set up, and O a 
tree to tlie left to which it is require*el to take an ollse‘t. Let the observer stand 
on the chain line looking in the eliree'.tion of the? flag and hold the? optie*al square 
in his right hand, having its hollow' side? abed facing the? tre'e, and le‘t him apply his 
right eye to the opening on the hollow’ siele in line? with the aperture e)vcr the 
mirror nearer him at the* point e, and direct his vision through the aperture over 
the other mirror along the point /, to the flag. Neiw' the image of the tree appears 
reflected by the mirrors te) the observer, either to the right or to the? left of the 
flag; if to the rights he advance slowly along the? line, keeping the instrument 
carefully in position all the time, until the tr(:*e coincides with the flag; if to the 
/c//, he must rccceT'c in the .same w'ay until the same? thing occurs. I he position 
of the observer when the coincidcne'c takes place, is the point C at which the? tree 
is perpendicular to the chain line, from which the required offset will of course be 
measured. Again, suppose on the observer’s proceeding further on the chain line, 

observ.xtion. 

* To test the accuracy of the instrument, set it up on the chain line, sight through one slit to the for¬ 
ward flag, and plant an offset flag a chain c-r so’s length, to the right or left, in the lire of .sight of the other 
slit. Next turn its head a quarter of the way around, so that the .second slit, looked through, points to the 
forward flag. Then see if the other slit cove-s the olTsct flag again, as it will if correct. If it does not do 
so, but sights to some other point, to one or other side of the offset flag, put up another flag at such other 
point, and half the difference of the angle thus formed between the two offset flags will be the error of the 
instrument, which can be corrected accordingly. 



86 


AID TO LAND-SURVEYING. 


he sees ;i pagoda to i 1 k‘ r/>///to wIik'Ii an nffs(‘l must be taken. Let him bold 
the optieal .square, as before, making the holhnv side abed^ faee tlie pagoda, then 
let him apply his right (Te to tli(‘ opening on the holloAv side in line with the aper- 
tiioi over the mirror neartr him at tlie point and d'weei his vision thrmigh the 
aperture over the otlier mirror idong tlie point //, to tlie flag. Now the image of 
the pagoda appears rcdlecled by the mirrors to the obsiu’V(*r, eithei to the* right or 
to theTeft of the Hag; if to the he must recede slowly along the line, keep¬ 

ing the instrument carefully in position all the tiim% until the pagod<i ( oincides 
w'hh the flag; if to the Ay/, he must advance in the same way until the same thing 
occurs. Tile position of the observe*!- when the* I'oincideni'e takes place is the 
point K at Avhich the pagoda is perpendicular to the chain line. In using the 
instrument hold it quite erect. 

28. iMKLD-nooK i.)KSC'RinKD. (Figs. 343, 341.) Th(^ Field-book {^see 
h'ig. 343) is an obhmg note-book in whu'h the results obtained by measurement 
in'the field are recorded. It should not only be accurate, but should also give as 
correct a sketch of all the objects along the various chain lines as possible, so 
that with the help of the mi*asured distances the Survc*yor might be enabled to 
plot all the details of his survey exactly as they are on the* ground. iMeld-books 
should b(i paged from end to end. A ('onv(*nient sizi* for thc.‘se books is about 7 
imdies long by 4 inches broad, opening at the (*nd, and not at the side like 
ordinary books. I^ach page of the book should be divid(*d into three columns, by 
draw'ing tw'o parallel red lines ''\ inch apart down through tht.* ('entre. The space 
between these tw'O lin(.‘s represents the measurements on the chain line, and the 
margin represents the ground on either side oi it, in which also all necessary 
observations are to be written, sketches made, etc. 1 he entries are coinmeiu'ed 
at the bottom of the* last pag(‘ in the book, because if tin* book be held in the hand 
over the chain as it lies on the ground, and the bottom of th.e page taken to 
represent the starting-point A {see Fig. 343). and tin* top of this page the point B, 
then the offsets ab and cd, wdiich lie to the right of the line on the ground, w'ould 
be entered to the n\^flit of the* eentre column in the lield-book ; but if tin* entries 
liad ('ommeiK'ed from the top of the pagti, these* oltsets W(Hild have to be entered 
to the left, wdiich w’oiild lx* inconvenient. 

29. ILxamim.i-: oe Fii'.i.d-book. iFigs. 344, 425.) The figure {see Fig. 
344) show's how^ the line AB with the offsets ab and cd, in the plot by the? side of it, 
W'ould be entered in the fielel-boeik. The points A and B are e'alle*el stations, and 
are marked © in the lield-book, and the line^ is entered. © A is then entered in the 
middle of the cohiiiin. since? the,* me‘asurment of the line- commeiie'es exactly at 


O A, and just above © A a circle with two edphers is written 


thus to show'that 


the measurements were made from o ; next the distaiu'es on the chain line are all 
counted front this point, and entered in the centre e olumn, one above the other, 
at equal distances apart, say, of J of an inch. Thus, suppose Fa is 150 and Fc 
250 ; then, of course, ac is 250- ^ 150 =: 100 ; hut it is the total distani'e Fc from 
A that is entered in the field-book, and;/(?/the inteniKjdiate distamx* ac. Proceed 
in this mann(*r, w'riting the m(‘asurcments along the chain line in the centre 
column, and tlu? offsets beside them, on the right or left, as the case may b(,’, 
opposite the distance at which they are taken, until © 1^ is arrived at, which 
measures 400 links from (f) A ; draw' a circle round 400 to show' that it is the 
measurement to © B Avhich is written just above it ; next draw' a double line? across 
the centre column to denote that the chain line from © A to © B is com'luded, 
and start afresh for your next line from above the double line, as before. Another 
method of recording field measurements, adopted in some cadastral and other 
large-scak? surveys, is the draw'ing of a large plot roughly show'ing th(,* situation of 
the lield and otluT boundaries under survey, and on wdiich all the chainage on the 
main and subsidary lines, as w't?ll as the offsets, are duly recorded as tlie survey 
is proce(?d(?d with. An example of this system is lobe found in (Fig. 425), which 
represents an extract from a cadastral* survey lield-book roughly plotted on the 32" 
scale, and for eventual plotting on the 16" scale, or one-half that of the rounli plot. 


(iXMZRVAl ION. 

• For an exiTnnation of this term, see Chap. XllI, Art, 84. 
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3 ^* Pi'GI liNCi IN 1 HR FIRI.D. 1 'or ;i chain survey llu'distances, instead of 
being recorded in a field-book, may b(? at oiica^ plotltal in th(‘ li(‘ld as surv(‘v is pro¬ 
ceeded with ; and for this purpose the Surv(‘yor must provide* himsc'lf with a common 
drawing board mounted with paper wliereon to plot the* work (^rcCdiap. X, Art. 22). 

31. Manner of eniering fines ( rossixg i iie ^fMxN chain i ine. 

344 -) Suppose a fence* shown by the dotleal line c/, to c'ross the.* chain line 

at a distane:e from A of 300 links, it would be eiilerc'd as shown in the? field-book. 
Remembering that the? space? between the* two line*s in tin* lu'ld-book re*pre*s(:‘nts 
the chain itself, and is, the^re*fore, supposed to be* only one line*, it wall be? cA’ident 
that, at \vhatever point on the left the? line /V inte?rs(*('ts it, it must leave at a point 
exactly opposite this on the right. In fae't, a single liia* down the? middk* of the 
page, instead of a space, would do as we?ll to re*present the* ediain line*, but it would 
be very untidy to have to e'uter all the* distaiu es on one* line instead of between 
two lines. The arrow^ point from © I] shows approximate?ly the direction of the 
next line to © C. 

32. Pi.AN OF A IHELD, ANO rilE lMEFn-B(K)K I-e)R I'lIE SAME. (Figs. 
337 ) 338-) Fig. 338 show's a plan of a triangular iiedd, and the lines that 
W'ould be measured in orele?r to make a surveyv of it, and lag. 337 shows the liedd- 
book for the same. The line*s and xy are tie‘-lines, measured as a check upon 
the w'ork. Suppose the Surveyor to start from © A in the direction AU. The 
line AB w'ouid be chained, and the offse*ts taken to the boundary, as explained above 
(in Art. 21), and e?ntered in the field-book. Having arrived at © ]], two arrows 
are entered, one show'ing the* direction of the line B/;, and the other the direction 
of the next line BC. This line would be measured in th(* same way, and an arrow 
entered at Qx showing the? direction a'v, and another at C for the direction of CA. 

33. FouR-sini.n meeds survem-d as iwe.) i rfvnc'.les. (big. 347.) 
If the field w'ere a four-sided one, it would evidenll)’ be sLirve‘yed by constructing 
tw'o triangles on opposite sides of one of its diagonals, and measuring the sides of 
each triangle, as in the figure*. 

34 b l EFI)-lM)e)K to l^E IWeiED. The* pages of a field-b;o()k should be 
numbered for facility of referenea*, and (‘ae'h days work dat(‘d. It may be? remarked 
that the entries in a field-book should 1 e made both neatly and accurately—if 
possible, in ink- so that the? work may be iinderste)od not einly by the? Surve*yor 
himself, but also bv any e'ompete'iit draughtsman who may alterwards be* required 
to independently pleit the* survev, and who may neve‘r have* e*ven se‘en the ground 
of which a map has to be plotte*el. 

3c;. S(F\l.i«: (Jl* Pi .\X. Before* e'ommencing the ae'tual nu*asurements in the 

field, Uie? scale of the jdan, or, in e)ther words, the de*gre*e of accuracy should be 
conside:*reel. 1'he of an iiiedi exin be shown on pape?r, so if the scale is to be 
loe) feet to an inch or larger, the chainage and ollsets must be? read ae'curately to 
the nearest foot ; w'here*as if the se'ale? was to be ^00 feet to an inch, no distrmce 
under ^ feet in length we)ulel be? perceptible* on tlie plan. 'Fhese? consideratiems 
determine the iuiinbe*r of e)rfse?ts require*el, fe^r the* larger the se/ale?, the gre/ater the 
detail that can be shown. 

36. F:xa.mpi es IX Pi.ejrTixei. (b'igs. 337, 338, 346—348, 354, 425). 

1. Lav denvn a field, on a scale of 400 links = i inch, from the:* follewing 
Notes {see Fig. 337), ^nid find its are*a by mensuration for the large triangle, and 
by acre-squares for the offsets. 

(i) Few plot {see Figs. 338) ;* 

(ii) area of large triangle 

= J I J ,o.S«—‘ ^ ,050—800) = n/4 1 ,343)750,000 

=120^,332 sq. links == 2-03332 acres (by Chap. II, Art. 28), 
area of offsets = - 13^750 + i9)C5o + 24,000 = 29,900 sq. links 
=0 299 acres (by Chap. 11 , Art. 5), 

.-.total area == 203332 +0299 == 2*33232 acres 

OBSKRVATION. 

* H.ivin« Itivcti the plot m this nrd the folh wine; ex.'iniplep, the entries in the field-heok .inswcring to 
the s.nine might, lor piaciicc, he in.ide. mking the measurement oil « ilhn pair of compasses. Of course 
the me,asiirc'rrcnls thus taken olf can only he rcry appro.uwale, but it will be good exercise lor the student 
if he ha.s time for the purpose 
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Plot 3 fields which have been surveyed, from the following Notes {see 
Pi.^ ^46), on a scale of 2^0 links = i inch, h’or Plot {see I'ig. .^ 47 )- 

S Hiaw the plan of a country from the following 1‘idd-noles Fig. 

2S4) on a scale of 200 feet - 1 inch. I'or Plan (stT Fig. 348). 

4 Make an accnrale plot of the Holds, on a scale of 16 inches = i mile, 
from the measurements recorded in (I'ig. 425) 'I'ld which are roughly plotted 
there on the 32" scale. 

rSKFL'I. PROBLEMS. 

37. Pkobi.KM 1. To ihunv upon the ground a line through two 

given points. . 

Plant a picket, or stnft, at each of the points; then lix another between 

them, in .such a mann(*r that when the eye is plac(‘d at the of one staff, the 

edict's of th(.‘ other two may coincid(‘ with it. 1 he lii'.e may then be prolonged by 
iix'mg up other staves. The ac'ciiracy of this operation depends greatly on fixing 
the staves upright, f'lnd not letting the eve b(^ too near the staff from whence the 
observation is made. 

38. Problk.m 11 . To walk in a straight line /; oni a point to a given object. 

Fix upon some point, as a bush, or a stoiu^, or any mark that you nnay find 

to be in a liiu' with your given obj(‘ct, and walk forward, keeping th(‘ two objeds 
strii'tly in line, and always selecting a fresh mark when you come within 20 or 30 
paces of tlu* one upon which you have ben-n moving. Obserxn^ that to walk in a 
direct lin(.‘, it is alwavs nc'ces^ary to have two ol)j(*cls (‘onstantly in view. 

39. pRoin 101 111. 7 o trace a line in the direction of two distant points. 

i.et two persons separate t(.) about 5c.) or 60 paces ; then, by alternat(‘ly 

motioning each other to move right or left, thi'y soon get (exactly inten line with 
the distant objects ; or for gneater accura('y. th(.‘y may hold up staves. 

40. PK(.)in.l':M l\'. To hy off a perpendicular with the chain. (Figs. 

214.) 

(1) i^See Fig. 214.) Let a Ixi th(‘ point at whii'li it is required to raise a 

p(.u'pendicular to the ('hain line AB. If make* ah = 30, ac = 40, and be = 50,* 

th(‘ angl(i BAG will bc^ a right angle, and <rl) consequently perpendicular to AB. 
To do this fix an arrow into the ground at A, througli the ring of the (diain, mark¬ 
ing 20 links from ime handle ; iiuxisure 40 links on the ('hain liiu^ from to c, and 
fix another arrow, through the other handle of th(‘ ('hain, into the ground at c ; 
now 80 links ari^ lying loo^idy b(‘tw(_‘en a and c ; if tlum the ('iia'ular piece of brass 
at the 5(‘)th link of th(^ ('hain is held and pulled out so as to tighten tlu^ chain from it 
to a and c, the point /; will be found ; and thus ah will !)(.• the p(*rpendi('ular required. 

(2) (.SVc lAg. 171.) Suppose it was rcquinal to raise a p(Mpendicular at a 

on the ('hain Wne AIL Takt‘ any numb(M' of (nam links, sav 40, fasten the two 
ends at b ar.d e on the chain line, about 10 links (generally a fourth of the 

assumed number) on (*ithersi(l(‘ of a. Hold the ('entn^ of t h(,‘4(3 links and stretch 

th(' ('hain to d\ ad will be the perpendicula’' sought. 

4 I. Probi Jk.\l V. 7 'o avoid an obstacle in a ch tin line, which obstructs the 
sight, such as a house, (h’ig. 369.) 

L(*t Al] h{‘ the dir(‘('tion of the chain line, whicli is obstructed between a 
and d. h'rom a, a , any two points on llie ebain line som(;wher(‘ ncaar tlui obstacle 
erect equal perpendiculars ah, ah', botli to the right or to the left, as convenient^ 
and of such a k-ngth th.at a line joining their extermities, b, b', when produced^ 
may pass ('l(\ar of the obstack_*; join /;// and produce it in the direction of c until 
tlKMibstacle is passed ; and from any two convenient points in it, as erect 
equal perpendiculars cd, cd'\ return towards the chain line AB by ikying off 
the perp(‘ndiculars cV/', eacli equal to nb \ them ^ 4 /produced will evidently 
be the directioi required. Check in(?asurements from 0, the bisection of the 
line dj, to the points a vnd g should, however, invariably be applied in which 
ao =z og, otherwise the direction of the line (g could not be relied on. The check 


OBSKRV AT I ON. 


3 . 4 .and 5rcspcrtiv(K.'surh.isf.,8, ,o; 9 . ,2, jc- etc.- 

T (by llicorcni ^II of L I, .,\rt« 70 ) ^ €ih“ -4" etc* (r ~ 4- ^ * * 

ents, the more nccunio w ill ihe perpendicular be. ’ the measure- 
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lines ^^rand eh might also with advantage b(‘ measured and should be equal to each 
other. 

42. PRORIJ^M \ I. To find the length of the Unr AD, obsfructed hy some’^ 
thing that can be seen over^ such as the bend oj a river or a t mk. (!' ig. 

bix upon a convenient point h., mul m(‘asure Al^ and 111^, prolonging them 
till ED = AE, and llC = 131 ". ; then m(\'isure Cl), and it will b(^ i*qual to AB, 
the distance requinnl. 

43. Problem V^ll. To measure the width of a river that is too broad 
for the chain to reach over. (Figs. 371, 120.) 

{a) Let AB b(i the chain liiK* (see big. 371), part of which cannot be mea¬ 
sured on account of the riviu’. Send a Hag a('ross the river and have it set up in 
the lino AB, as at c, somewhere n(^'lr the opposite bank. At a (u*ect a perpendic¬ 
ular of any convenicait length. At b inak(^ bd perpendicular to the imaginary 
line bc^ and measure the distaiw'e ad. blien ac, the distance required, will be 
(iqual to the square of the distance ab divided by the length ad ; in other words, 

ab^ 


ac == 


ad 


set out a convenient 
l> st‘t out tli(i right angle CDb' ; put 
im^ Hb" until it intersects 1 )F in F ; 


100,000 O/- ^ £ 4 1 

-= 003 t(H^t, nearly. 

whose side is 100 feet, will deter- 


(A) Or, at a point C on the liiKi AB {sec b'ig. 120) 
perpendicular CD, which bisects in E ; at 
up flags at B and E, and range; out the 
measure DF, which will equal BC. 

44. Problilm \'I 11 . To find the distance o! an inaccessible object 0 by 
means of a rhombus, (bdg. 372.) 

With a chain or m(;asuring tape, wIk'isi' IcMigth is c^qual to the side of the 
intended rhombus, lay down oik; side BA in the direction BO ; and l(‘t 13 C, anothm* 
side, be In any conv(‘nient diniction ; fasten two (*nds of two of tliese lengths at C 
and A ; then the other two ends (at D) being kept together, and the lines stretched 
on tlie ground, those lin(.*s AD, (d). will form th(‘ other two sides of the rhombus. 
Set up a mark at R, where the direction (A) and AD intersect ; and measure RD ; 

then RD : DC :: CB BO, in other words, lU) = jj}' , />., 1 ^,]' . 

Example : Suppose the side; of the; rhombus is ie:)o feet, and RD = 11 feet 
7 inches ; then, BO — 

If the grounel be nc'arly level, a rlumibus, 
mine distances to the e‘xtenl of 3oe:) yards within a veny few feet of the; truth. 

45. Pr(0BLEM IX. To find, bv symmetrical triangles, the length of a line 
of which both ends are inaccessible (Idg. 121). 

Le;t A and B be tweD mac('(*ssihle_* e.)bje‘cts, the distance^ betwe?e?n which is sought. 
Take any ce^inveniemt line^ Cl), whe-nce* the objee’ts A and B are; visible. With C 
and D as centres draw the arcs ade and h'c/ on the grounel, with a fairly large 
radius of, say, a chain s length. Se*t stakes on the.se^ arcs in the; elirectiein of the 
objects A and B from eae'h eif the peiints C anel 1 ) ; the*se; stakes wejuld be driven 
in at a, b and a , b' respengively. Lay off from d and c equal cheirds to da, db, 
and cb', ca upon the; aeljoining sides of the; iespe;ctive are's ; the^se; other chords 
would be de, df, anel cf, ce Range emit the lines C/ and D/ till they meet at F, 
likewise the lines Cc and D^; till they met't at E ; anel set up stake.'s at the 
points of int(;rsee;tie“)n. Then measure the; line Lb, whiedi will be equal in length 

to the required distance AP). . ^ 

46. Problem X. To divide a triangular field ABC in certain given 
proportions, so that a well, situated at one of its corners, may be common to all 

the divisions. (Fig. 375.) 1 11 u f 

Let the given proportions be as the numbers 2, 3 and 5, and the well be at 

C ; then— 

as 2 + 3 + 5 =1 lO: AB : : 2 : ha, 

„ : n : : 3 : (lb, 

„ : : 5 : bB ; 

which are the portions of the base AB belonging to the respective triangles ; there¬ 
fore, if lines be drawn from a and b to C, the fi(;ld will be divided in the required 

proportion. 
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Example : Let AB — 860, and the proportion be as before ; then— 

as 10 : 860 : : 2 : Ar/ = 172, 

„ : „ : : 3 : ah = 258, 

„ : „ : : 5 •* ^ 430 - 

47. Probli’.m XI. To divide a triangular field ABC in any given 
proportion, hv fences running from a given point in one of its sides. (Fig. 376.) 

L(T II be the given point'in tlie side AB, and let the triangle be required to 
be divided into three c'qiial parts. Divide AJ> into three equal parts in the points 
1), K ; join lie, parallel to whieh draw Dh', EG meeting AC, BC respectively, in 
h' and G ; and join I IF and HG, along which lines fences being made, the same 
will divide the triangle as required. 

4S. Bkohi.I'/m Xll. /I map mth its area being given, and its scale 
omitted to he either dravii or mentioned; to find the scale. 

Cast up tile map by any scale whatsoever, and it will be— 
as the area thus found 
; the given area of the map, 

:: the square of the assumed scale 

: the squar(i of the scale by which tlie map was originally laid down, 
the squall^ root of which will giv(' the sc'ale sought. 

Example : A map whose} an‘a is 20,296 square chains being given, and its 
scale omitt(‘d to be either drawn or mentioned ; to find the scale. 

Suppose th(' map was drawn on an assumed scale of 20 chains to an inch, 
and I he content ther(}by produced be* 5i^74 •'^qiLan} chains ; then - 

as 5,074 : 20,296 : : 2o' : the square of tlie} required scale = 1,600, the 
square* root of which — 40. 

The map was therefore originally laid down by a sc'alc of 40 chains to an inch. 

49. PROBLI'.M Xlll, To find the true area of a survey, though it be taken 
by a chain that is too lorn; or too short. 

Let the map be constructed, and its area found as if the ('hain was of a true 
length, and it will bo¬ 
as the square of the true chain, 

: the} square of the chain surveyed by, 

: : the area of the map thus found, 

: the true area of the map. 

Example : If a surv(‘y he. maele* with a chain which is 3 inches too long, 
that is, with one whose length is 42 fe^et 3 iiu'hcs, and the map thereof be found 
to contain 147,260 square ediains ; required the true area. 

As 66: (6()])“ ; : 147,260 : the true area = 148,378 square chains. 

50. PKunLi\M XIW To determine the height [approximately) of an 
inassessiblc object by means of shadozvs. when the sun shines. 

Set up vertically a staff of known length and measure the length of its shadow 
upon a horizontal plane ; measure also the length of the shadow of the object 
whose height is required, 'rhen it will be— 

as the length of the shadow of the staff 
: the length of tlie stalf itself, 

: : the length of the shadow of the object 
: the object’s height. 

Example ; The length of the shadow of the rod 10 feet long, set up verti¬ 
cally, is found to be 2 4 fe(}t. Required the height of a pagoda the length of 
whose shadow from the centre of the base measures 58’5 feet." 

As 2 4: 10 : : 58 5 : the height of the pagoda = 244 feet, nearly. 

51. pRUHLr:.M XV. Suppose that instead of measuring the distances 
in a sketch survey of^ a river or route, the intervals of time and the rate of 
travelling along each bearing 7 vere recorded. Required to construct a scale 
by which such a survey may be plotted without calculating the actual distances 
(Fig. 197.) 

f.ct the rate of travelling per hour be m miles, and the scale on which the 
survey is required, n inches to a mile. Then 1 hour = 60 minutes =- m miles, 
= n Y. m inches, or nm = 60, that is, if the product of the rate and the number 
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of inches taken to represent one mile be divided into 6o parts, a s(\ale of minutes 
is obtained, which can, of course, be subdivided to half or quartiT minutes or less, 
as necessary. 

Example \ Let the rate m = 3'^ miles pcT hour. The scale on which the 
survey is required n = 2 iiK'hcs to i mile. Then m X ;/ = 2 X incht‘s. 

lake AH equal to 7^ inches, divide it in 6 equal parts (by Chap. I, Art. 93), 
and one of these divisions (equal 10 minutes) ai^ain into jo equal parts for 
minutes. Then the sketch survey may b(; plotted from this sc'ale direct, and 
so long as the rate remains 3 j miles, the plot will be on the scale of 2 inches to 
the mile. 

W hen the rate alters, a different scale must be constructed. 

52. Problhm X\T. To determine the area of a piece of ground, having 
the map given by weight, (Fig. 374.) 

Let parallels be drawn at half an inch asunder, and others at right angles to 
them at a like distance ; each square will then be a quarter of a square inch 
in area. \\ ith a penknife, cut away all tlu* squares marked a, which the boun¬ 
dary of the map does not r(*ach ; then all th(^ whole squares contained within the 
body of the map, and thti squares whiidi th(‘ boundary passes through and which 
arc marked 2, 2, 2^ etc., will nunain. Add the number of whole squares in the body 
of the map, and those marked 5, together, which number note down; then find 
with grains and tenths of a grain the w'(Mght of the paper, ('all tin* number of 
squares, first area, and their Aveight in grains and parts, their first Avi?ight. 'Phen 
cut the map (dose by the boundary and weigh it in grains and decimals of a grain, 
as before. Then say— 

as the 1st weight: to the ist area : : tht^ 2nd weight : the 2nd anw, 
wdiich gives the area of the map in squares and (l(*cimals of a square. Then by 
knowdng by wdiat scab; it w'as laid dinvn, the aiaw of thi‘ (‘ach square is knowm and 
consequently the area of the whole map. The statt' of the atmosphere has a very 
sensible effect on this operation, ddie weighment should 1)(‘ made wdth as delicate 
scales as possible, and the mean of tw’o or more trials adopted ; the method, 
how'ever, is a very rough one. 

THE PERAMBULATOR. 

53. PBRAMiUJL.VrOR DKFINKD. The Perambulator is an instrunumt 
for measuring distances, and consists of a wdieel wdth an apparatus of (dock-w’ork 
and a dial-plate, upon which the distance travelk'd ovtu' is shown by an inde.x. 

54. IVS VSK. The instrument is chieflv used for measuring on a level 
surface, distances such as roads, routes for surveys, (;tc., whme e.xpedition rather 
than strict accuracy is required, and is not wanted for a chain surv('y. In using 
it great care must be taken to keej) it going in a straight line, otheiwisi' the slight¬ 
est deviation in its course, as going fiom oik* sick* ot the road to thi.* other, or 
carrying it over uneven ground, will cause it to icgistur a greater distance than 
that actually travelkal over. 

55. 'PlIK V.VRIOUS KINDS OF PframiujF Yl'ORS. Pcrambulatois are of 
various patterns, the chief of wdiich are (1) the English pattern, (2) the Madras 
pattern, (3) Everest's pattern, and (4) IVaugPs pattern; but their piinciples are 
very much the same. 

56. TiiK English P.XTTKRN. (Figs. 151, 153.) The ‘MMiglish Pattern 
Perambulator” {see Fig. 151) consists of awheel of wood cS feet 3 inches in 
circumference, or half a pole, lined wdth iron to prevent wear. 'Phis wIkk*! w'orks 
in a short axis which communicates motion to the wheel-work C. d'he number of 
revolutions taken by the whe(d are recorded by an index on the box C. On the 
dial-plate {see Fig. 153) arc three graduated circles, the outermost of which is 
divided into 220 parts, or the yarcis in a furlong; the m^xt into 40 parts, the 
number of poles in a furlong ; the third into 80 parts, the number of furlongs in 
10 miles, every mile being disunguished by its proper Roman figure. For port¬ 
ability the wheel can be detached from the body of the instrument. 

57. The Madras Pattern. (Fig. 150.) The“ Madras Pattern 8-mile 
Perambulator” has a wheel 20 feet in circumference, and owdng to its great height 
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ilS , ( -l aiul inrhcs, Iron. , lo no in ,l.,nc c. los, o,„. ,r,l r.n tiro other 

or-h."rcic coot.ininrtti'i feel. SuspenOed Iron, Hu. nslr. ,H ;i roni pin o gradun ed 

S hnlonee ami ..rile;' The nale is h.r.rish.-d al boll, ends ,e,th a re.olv.ng handle. 

Two men arc roquin'cl to wo.k this clesenption ot perambu ator 

S EvKuisi's PATIKUN. (I'iU- > 48 .) Mwer.^st’s PaUcwn GmuiIc 
bul-itor” eonsislsof awheel loyqo inebes in nrciimference and has handles hke 
r e of a wheel-banow by whieh it is pushed forward. The inachmcry m tins 
histrument is vmv simple. The dial-plat.^s are fixed on the left hand side the 
upper beimi divided inti, 100 parts, and the lower to 60 parts or .0 divisions to a 

n i e For poitability the who(>l IS separable. 1 1 , >. • 

CO WMic.li'.s'P.vn KRN. “ Wan-b’s lo and 30 -mile Perambulator is 
some\\Tat similarly eonstiueted to I'yerest’s. Its eircumferenec is 10 feet 9-306 
inebes, ori.’,„ part of a mile. The upper plate (if the dial is Graduated into 100 
parts eaeh'of whieh d..Miotcs of a mil.y ten thousands being read hy estima- 
lion' The trms on this plate represent .J,, of a mile. The low(>r plate is subdivided 
into 50 parts, each of whieh la'presents I of a mile, or one reyolution of tlm upper 
plate. Hence the lower plate measures as far as 5 miles, as W (41 as subdivides to 
tenths. A pinion on the nxis of tlic \\h(‘ol is j^oadLi:it(nl into 20 parts, tM(.h lopre- 
sontiin^' one inik', which incasuics up to 20 miles. Fht) index to the mile sc die is 
in the^^rentre of a small apiatuie at the ANord" miles the index to the lower 
plate or sc'ale of miles and temths is at the eerntre of the lai'^e aperture opposite 
the iigUK* “i(^o’'onthe upper plate, with which it rc'volves ; the indc^x of the 
hundn^dths and thousandths is on a pro]c‘ctin^’ pu‘ce attached to the bottom of 
the dial. The dial, when not in usi*, is packc'd in thc^ locker between the shafts, 
to<^ether w'ith the attachini;’ screw' and key, to save it from unnecessary w’ear and 
tear in travellini^ The lield-bnok is aUo ( anicnl in this locker. Ibis instrument 
is miu'h more slrouidy built than the Knglisli paUern one, and is better suited for 
the recjuirenienis ol India and ilurina, w'hei(.‘ it will loo freijiiently meet with rough 
usage and be taken over rough ground. 


CHAITKR X. 

Compass Surveying. 

1. r.SK OK PRiSMAric AM) SuRVibViMi CoMKASSKS. Ill Chain Sur¬ 
veying, the sides of fields and the positions of objec ts are fixed by the measure¬ 
ment of lines only, whereas in Compass Surveying angles have, in addition, to be 
measurcal, and tliis is cdTected by either of Uvo instruments—the Prismatic Com¬ 
pass or Surveying Compiiss, hoih oi which are here described; but as the 
former instrument is now generally used for the.* above? purpose, since it is certainly 
the superior of the two, being much mriic? accurate* as wedl as convenient, only a 
brief description of the latter has therefore been thought necessary. 

2. MAC'.xibT i)ibKiM':i) A Magnet is a loadstone, that is, an ore of iron 
w^hich has the peculiar propertic's ol attracting iron and of pointing to the pole.s 
when free?ly suspended. It has also tlie* powe-r of communicating these properties 
to iron and stc'el, thus forming artificial magnets. 

3. MAC'.NF/ric NibKDi.K DibKiNibD. The Magnetic Needle is a small bar 
of iron or steel whicli is magnetized by onc^ of .several methods—usually by having 
its boih (*nds rubbed several times with a pair of magnets ; hence the properties of 
the magnet having thus been comniiinicatc'd to it, its magnetized ends point to 
the pole.s—the positive? end to the north pole and the negative end to the south 
pole. \Vhc?n the needle begins to get feeble and loses its powder of action, its 
magnetism may be reiiew'cd as follows : Obtain two bar magnets. Provide a board 
with a hole to admit of the axis, so that its collar may fit fairly, and that the 
needle may rc'st flat on it, without bewaring at the centre. Idace the board before 
you, with the north end of \ho needle to your light. Take a magnet in each hand, 
the left holding the North end of the bar, or that wTich has the mark across, 
dmnwarjs ; and the right holding the same mark upwards. Bring the bars over 
the axis, about a foot above it, without approaching each other within two inches ; 
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brin£^ them clown vertically on the needle (the marks as directed), about an inch 
on each side of its axis ; slide them oiitivards to its ends with slii^hl pressure ; 
raise them up ; bring them to their foimer position, and rr^peal this a number of 
times. That is to say, tlu' southern pole of oik^ bar is drawn along the northern 
pole of the nc'edle from the ceiitni outwards and the northern pole of the other 
bar along the southern pole of [he needle. 

4. DlSTINC/riON MiCl'Wl'lCN MACiNlCflC NOR'ill AND TruI'- NoKIH. 

(Mgs. 336, 348.) 1 he dirciction in which the magnetic necMlk? points is termed 

the magnetic )iorth, and diHms from the north by sometimes several degrees 
east or 'iccst of it, depending entirely upon th(‘ geographical position (and not 
local attractions) of th(‘ country wIkmc the needle'is s(A up. ddiis angular differ¬ 
ence is termed the variation of the needle.^ Representations of the variation are 
shown in (iMgs. 336, 348). 

5 . t MkRiniANM)EFlNKn. I\ meridian is a great circle supposed to pass 

through the poles of the; e\arth and the_‘ zeaiith anel nadir ejf anv givesi place ern it. 

6 . MA(iNlcrU' MERIDIAN DEFINI'ID. A nidgcntic meridian is a gi'e*at 
cir'cle, parallel with the dire;e'tion erf the magnetic ne^edle;, and passing through its poles. 

7. DkimnitioN 01^’ I 5 KARING. (big. 3O4.) ’Vhv bcaring a line is thei 

angle which the line makes with the' meridian at a point ern it, anel is usually 
reckoned from the north at o^, by the; e‘ast, south, west, back io fxf or north ; 
thus, in the Figure, the bearing erf ()A = 35'^, of ( )l> = of ()C — 237'^ 4ej', 

and of OD = 312 ' lo'. The true hc/avwMg is the angle made; with the true north ; 
and the magnetic bc;aring is the angle made with the magnetic north. 

8. Emplovmi^:ni'OF PRiSNiA'nr Comifvss. T\\c Prismatic Compass is 
an instrument with which horizontal angles to within 10 minutes (anel by estimation 
in the larger instruments to e'ven 5') can be obsenved with gr(;at lapielity, and is 
often hclel in the; hanel, in I’ccemnoite'ring or making a rough sk(;te'h erf a country 
to take the bearing of an obje*ct, but much gre*ater aeamracy can be; obtaineel by 
placing it on a tripod stand, wTich is almost invariablv done. It is ve;i*y useful for 
filling in the; de;tails of a the'oderlite* .surve.w, for sketching along a road, etc. It 
should be observed that the Prismatic Compass cannot be used in places or uiieler 
any circumstances w'here thci'e is the slightest metallic attraction, local or ot]ie;r, 
as the needle is so sensitive that the least thing will cause a variation.! Again 
the compass must not be reiiied upon for e_‘xterrsive triangulation, as from local 
and other cause's slight errors are e'ertain to occur. 

9. Dks(’rirti()n 01^' line Prisma ric Compass, (bigs. 377—378.) 
The Prismatic Compass {see b ig. 378) cernsists erf a round box about 4 inches in 
diameter, and is mounted on a stand liaving three legs eacdi about 4.} feet long. 
In (Fig. 406) P represents the; cermpass box, in the centre of wiiieii is a small 
pivot O, upon wiiich swings a magnetie' nee'dle, one' e‘nd (usually having a distinc¬ 
tive mark upon it) of wirich always points to the north, attach(;d to a graduateei 
circular silver rim inste'ad e)f the (.obsolete e'ard. 'This rim she)iild not be k.'ss than 
4 inches in diameter,§ anel the magneti(' needle shonlel be pow’i;riul.|| d1ie silver 

OnsFRV \TIf)\S. 

* In other words, the variafton of the ncciUr is the anisic which the north makes with the true 

north, at a point cither cast or ictst ot it. In India anti Uiirina the variation ol the nLcdh- is al)-)Mt j‘.' 
whereas in London it is now about west. 1 ho laws this variation are at present little known. It has 
been found from a series of (ibseiwations taken at dilferent pla«'Os and at dllfeia nt peiiods that a slight 
annual change (increas(* or tleerease), extomlini^ from o ti» 8 minutes ol are, takes ].)laee in the maeiietie 
variation alTover the j^k’bo, Mai^netii dccli the deviation of the needh.* ” from the true 
jjcoj^raphieal north and south direction ; nun^netic i net i nation or “dip” is the .iiii^le w hich the “needle” makes 
with the horizon. There arc two foci of attraction m the northern hcmisplu re, one in Noith \mcrica (\. nO 
N., L. 95'" W.) and the other in Siberia (\. Oo' N., L. E.),an(l two correspondin.i^ points in the southern 
hemisphere. A mat,Mictic needle, freely suspended, would thus point to one c v other ol the^c f. ci by which 
most attracted, d he majLrnetic cejuator ” tceursinthe extreme south of India (^. to N., L. So E.); 
below this line the needle will bc found to dip towards the south pole. 

t The astronomical terms used in this Article are defined m Ch.ipter XVI. 

I The Surveyor should even avoid wcarins' steel or iron on his person, as these too are liable to affect the 
needle. 

§ There is, however, no advantas^e in having: the instrument loo lar^m, say, bevond seiches diameter, 
as no additional power is i^ained by increasinsj^ the Icneith of the' needle. Lonej needles are apt to have their 
strength speedily diminished bv use ; short ones, made very h.ird, are therefore to be prefri red. 

II The needle should not come to rest very cjuickly. If it does, it indicat(*s eithci that it is weakly 
magnetized or that the friction on the pivot is great. Its sensitiveness in indicated by the number of vibra¬ 
tions which it makes in a small space before coming to rest. 



AID TO LAND-SURVKVING. 


94 

rim is to i dfi^rous 377) round the edge, eommeneing from 

North, and niiml)(U-ed at every tenth degree line 10, 20, 30, ete., in the direetion 
in wliich the hands of a elork move, all the way round th(^ eirele to 360"^; 90"" 
represiMiting l^kist, South, 270"" W'est, and 360'" North ; so that tlui bearings 
can be read to 3(0' and estimated with tlie eye to 10' and evtui to 5'."^ The 
figures and divisions an^ not all shown in the sketeh of the graduated ring {see 
h'ig. 37y) ; but a portion of the edge is represented abov(^ it on an t*nlargcd scale. 
n is a spring, w'hicdi, being pressed by the finger and then released, arts upon tiui 
ring, and ehccks its vibrations, so as to sooner bring it to R*st, when making an 
obstu'vation. A stop is likewise fixed at the other side of the box close to the 
hinge-joint of the sight-vani^ S, by touching w'hi('h a little Itwer is raised «and the 
iK'cdle thrown off its centre ; which should always be done when the instrument 
is not in use, as th(^ constant pla)'ing of thi^ needlt' would wt\ar the agate point 
upon w'lilch it is balanc'cd, and upon the finen(‘ss of the point much of the accu¬ 
racy of the instrument dep(‘nds. S is the sight-vant', having a fine thread or w’irc 
stretched along its opening, bv which the point to be observeil with the instru¬ 
ment is to he bisect(‘d. The sight-vane is mounted upon a hinge-joint, so that it 

can be turiw'd down Hat in tb(^ box wIkmi not in use. P is a prism of glass in a 

little iiK'tal case attached to a plate sliding in a socket, and thus admitting of 
being rais(‘d or lowered at pleasure*, and also supplied with a hinge-joint, so that 
it can be lurnial dow’ii into the box when not in use*. In the plate to which the 

prism is attaclual, is a narrow' slit to whie'h the* eye. is applieal in making an obser¬ 

vation. On looking through this slit, and raising or lowering the prism in its 
so('k(it, distinct vision of the divisions on the graduatial ring is obtained, and 
th(‘.se divisions and the perpendicular ware of tiu* sight-vant* appear togetju r on look¬ 
ing through the prism, and the division with which tluMvin* ('oiiu'ides, when the 
needle is at rest, is the magiuTic a/imuth or hearing, of whatt'ver objm't tiu; wire 
may bised. R is a mirror w'hich slid(‘s on and off the sight-vaiu.* S, with suffi¬ 
cient friction to remain stationary on any part of the vane; it can b(* inclined by 
means of a joint and is tluaai to reflect the image of an objed to the eye of the 
observer w’hen tliii object is much above or below' tlu* hori/ontal plane. W lu'n the 
instrumtait is u.sed to obtain the magnetic azimuth of the sun, a dark glass mu.st 
be interpostid, and tlu* colored glas.ses repnesented at G are intend(*d for that 
purpose; the joint upon which they act allowing them to be turntal down over 
the sloping sidi? of the prism box. Ow'ing to the prism being placed at the 
reverse .sidc^ of the graduated ring and (exactly opjiosite the sight-vane, and also 
that everything .seen through it is inv(‘rted, the Z(*ro of the ring is placed at the 
south, and tlu* numbers of the graduations r(‘versed and written upside down ; by 
this iiK'ans the* number S(*en through the prism is the reading n^quired. A cover 
fits on to the box, and the wholes is packed in a leather case, which is slung over 
the shoulder by a strap for convenience in travelling. 

10. Mid'iion or' u.shxc; i iir: Prismatic Comi\\.s.s. (Pigs. 378, 432.) 
Place th(^ instrumimt {see h'ig. 378) on its .stand {see log. 432) over the station of 
observation. Turn up upon th(*ir liinge-joints the sight-van(* S, and the prism P. 
Bring the instrument in as horizantal a position as can he judged with the eye, 
by moving tlu* legs of the stand, or if tlu* box has a ball lit ting tightly into a 
socket underneath, as the new' pattern ones have, by adjusting the instrument as 
required with tlu* hand. Next raise the prism in its socket till [he divisions on 
the ring are distiiu'tly seen ; then look through the slit, turning the box round till 


on.SF.KV VTION. 


* (i) UepHnors sliould piinr.l .a).^:iinst wh.it is .t. very frcqiK nl ^oarco uf error wilh them, n.'imely, the 
rendin^:^ from the uron;^ number of t he two between which tlu* needle j)(.)ints, sueh as InkinL^- 1^5^" for 175'" 
in .1 Case where llu^ needle jieints exa<tly between iSo’ and 170' (-vtv bij^. 1Q()). 

(ii) Want of precision in the recordini^ of the indic.itii'iis of tlu* compass will i^ive indiff»rtnl rcMilts; 
thus. inaccuraci< s ul g .and 15' nspeitively ui an angle, i c., in the difference of two equidiaant lines, causes 
them to separate from each otlur as follow? : - 


At the end of 100 feet 
At the end of l,oou feet 
At the end of i mile 


tor 5' dillcrcncc. 

= 0*15 feet 

— 1*45 tc*et 

= 7*68 feet 


I* Or 16' (liircrcticc. 

0*41 feel. 
4*j0 feet. 
23*04 feeU 
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the wire in the sight-vane bisects one of the objects \vIios(^ b(.‘<'iring, or angular 
distance from any other object, is required ; then by slightly touching tluj spring 
bring the needle to rest, and the division on the ring which coincides with the 
wire of the sight-vane, will be the magnclic bearings or bearing of the objtH't from 
the North point of the magnetic meridian. Again, turn to any other objtH:t and 
repeat the operation ; tlu^ difhuaince b(.‘tw(M?n the bt'aring of this object and that 
of the former will be the angular distance of the objects in question. vSuppose 
the former bearing to be 63* 18'and the latter 15° 37', both leading from the 
North point, eastward, hence the angle will be 63'^’ iS'- 15^ 37' = 47‘'41'. 

11. Insirumknts I)Ie in^Ri^NTLY iMX’iDi'.n. The divisions in some instru- 
meiits are numbered from o^to 180^ South, reckoned Kastward, and thence to 
180 North, Rickoned Westward; but these ani more liable to error in recording 
the results in a field-book; hence those with the ('ompl(4e numbering, from to 
360°, are preferable. 

12. Variation of Needle to he aitended 10. The variation of 
the needle must ahvays be attended to, for if the fixed points of a theodolite 
survey, above alluded to {see Art. 8), have been surveyc'd on the true meri¬ 
dian of the earth, the variation of the nt't‘dle must be added to, or deducted 
from, the observed magnetic bearing, according as th(‘ variation is cast or 7eest 
of the true north, to obtain the true meridional bearing of the line. In ordinary 
maps the plotting is done with referenca^ to the magnetic meridian, and a 
memorandum of the variation of the needle made in scmie corner of the paper. 

13. Djlscription of itiic Surveying'. Comixvss. (bigs. 365, 383.) 
The Surveying Compass (^sce Fig. 383) is in so many respiuTs similar to the pris¬ 
matic compass {see Art. 9), that tlui only parts of it which it is necessary to 
describe arc those in which the two instruimmts differ. In the centre of the box is 
a small pivot, upon which swings, by itself, a magniTic needle, one end (the blue) 
of which ahvays points to tlui north. In the bottom of the box is fixed a circular 
card which is divided into 3^0', and numbcired regularly 10', 20'', 30"", cTc. The 
north, south, east, and w'est points are also marked ; but what would be ordinarily 
called the east is marked W , and similarly the west is marked E. d'he nxason 
for this is clear: for suppose AP» (5C6’ big. 365) to represent the needle, free to 
turn on its centre C, and pointing dm^ north and south ; the east and west points 
being marked as they would be indicated on a map, that is, the east to the right, 
and the west to the left of north. Again, suppose the l)ox to be turned in the 
direction of the arrinv, the needle wall niain its original position, as it must ahvays 
point to the north ; and the point marked K will coim* under the end of the needle 
at A; that is, it w'ould appear as if the box had been turned to the east, wlumeas 
it was in reality turiKal to the west. To save the trouble of always recollecting 
this, the east and west points are reversed, when, if the box bt^ turned in the* direc¬ 
tion of the arrow, the point W’, which would be where E now' is in (bhg. 365), will 
come under A, showing that the box has been turned to the west. If the needle 
W'cre attached to tbie card and revolved with it, as in the case of the prismatic 
compass, this leversing of the exist and w^est points w'ould not be necessary. 

14. Emflon’MILN r (jb itie Survkylxg Compass. The Surveying Com¬ 
pass is used for the same purpose as the Piismatic Compass, namely, for filling 
in the^ interior detail of a survey by means of bearings. The disadvantage of the 
former, when compared with the latter, is, that when looking through the sights 
in intersecting an object, the angle is not at once, in one operation, presented to 
the eye, but must be read off afterwards with the naked eye, as pointed out by 
the needle ; that is, in /wt; operations. 

15. Description of the Field-book. (Figs. 379, 381.) The Jield- 
book {see Fig. 381) for a compass and chain survey is very similar to that for a 
survey made by the chain only, as all the distances that arc chained as well as all 
the offsets, stations, etc., arc entered in exactly the same way, but in addition the 
bearings taken in the field have to be entered. The bearing to the next forward 
station is called the forward hearing, and that to the back station is called the 
back bearing. The forward bearing should be written in the centre column imme¬ 
diately above the station of observation, and the other bearings to the right or left 
of the centre column, according as their directions arc to the right or left of the 
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rliain lino; tliis will prevont any mistake in plotting them.* It is only necessary 
to take b(‘ann;''s to the forward stations, but in practice it is advisable to take also 
the back btsirings, as an indispensable check on the other work ; the ineati of the 
foiasaid and back bearings should be taken as tlu' correct bearing of the line; for 
instance, in (big. .379) at A, the forward bearing is 312° 50', ami that at 13 , the 
back bearing, is 20'; their diffi'it'iice is 30' the half of which, namely, 15', 
must be .subtracted from 312'' 50', which ecpials 312^^' 50' — 15' = 312° 35', and 
added to 132' 20', which cciuals 132" 20' + 15' = 132° 35', to give the correct 
bt‘arin<^ of lh(‘ lini‘. 

] 6 . Si‘ia IMKN OK iMio n-HOOK. (Fii;. 381.) In the iMgure is shown a 
specimen of thin'Kild-book for a C'oinpass Surv(‘y, in which both the angular and 
linear ineasiinnnenls are entered. 

17. MkTHOD ok SURVKVlNCi with TIIK fl^MPASS. (higS. 380--381.) 
h'ig. 380, A\hich is the plot of the field-book in (log. 381), la'presents a portion 
of country bounded by a road which is to be surveyed with a prismatic compass.f 
h'ix upon a starting-point © A at some corner of the road, set up the compass 
tlun-(\ and smnl a man with a llag-staff to 01>, as far down the road as can be 
setm, and let it lx* pknaal in such a position that a long foiward shot may be 
obtain(*d tin* next time. Xow takt^ tht* bearing of ©P), and procec^d to chain 
from A to 1 ), taking offsi'ts to the sides of tlu* road and any remarkable obj(R*ts, 
as in a chain survey. Having arrived at ©H, the compass must lx* again .set up, 
and a flag-staff having been s(*nt to ©(', its bearing must be obtained; then the 
line* 1 )C is to be measured, and so on. Hearings must culso bi* taken to any con- 
spifuious obj(*f'ls at a I'onsiderabk; distaiuu* from tin* (‘hain line, and that are out 
of reach of an olfs(‘t, (‘ither trom th(^ stations themselves, or from points on the 
chain liiu*, something in the same way as by oblif|ue olfs(.‘ts {see Chap. IX, Art. 23) ; 
readings from two determined points are sulTici(‘nt to fix it, but a third should be 
taken as a ch(‘ck. For a proof of tlui angular work ol a circuit of traverse survey 
made with the compass {uu^ (dia]). XIV, Art. (), 2nd condition, and Art. 15). 

18. Floitixc; tiik Sljrvkv. 0*dgs.'3So, 381, 386.) In order to plot 

the survey from ihe notes in the field-book of big. 381, iirst fix on a convenient 
spot on the paper for the starting-point A {see i'ig. 386), that is, so that the 
survey may b(‘ contained in the pap(*r, and as nearly in the middle as possible, 
draw a line? through it to reprc‘sent the magnetic nunidian, plac(i the protractor, 
if it is a semi-circular one, to tlu.* /r/f of this line, as the angle r(.*c|uired to be set 
oil is gnjater than 180^, the edge* coinciding with it, and the c(‘ntre at the point 
A; lunv, with a pencil, mark the re.juiied anglt* and draw' a line through this 
point and A ; this will represent tlu3 dir(?('tion of the lirst b(*aring, that of © 1 ^ ; 
on this lay oil the length AD trom the scale on whi('h the map is to b(* projected, 
and through D draw' th(* line DN paiallr*! to AN to repr(*s(mt anotlu/r meridian, 
and placing the protiactor as befon^, lay off the angle* SDC ; setoff DC to the 
required lt*ngth, and proe'eed with eae'h angle* in the same w'ay until the end of 
the line FA .should coincide with tlu* starting-point A. If an angle less than 
180^ is re.juireel to be set oft, the protractor, if a semi-circular one, mu.st be placed 
teo the e.'if the meridian, as at ( , and the ejuter row of figures marked on it 

used. Having completed the ciiaaiit and found it to be correct, the e.iffsets can 
now' be plotted in the .same manner as in the ediain survey {^ee Fig. 380). 

19. lo KIND H.\( K iti'KXRii\(i.s. (IDg. 396.) \\ hen the forward bearing 

is givem and it is required to know the back bearing, if it is.9 than 180°, add 
180° tea it, and if more than iSea^ siihiract iSea"" from it, for the back bearing.' 

Example-. At O the forward liearings of P) and A arc respectively "74^ 15' 
and 301'' 30'; rexjuired the back lx*arings of O at D and A. 

At B, back bearing of () 74^^ 15' -f 180° = 254^ 15'; 

At A, „ ,, = 301^30'— 180° = 121° 30'. 

OliSERV\TI0NS. 

* 'I'hcrc is, another method of rccordin.vj these bearings. The hearings taken at the station of 
observation to the forward flag and obiccls situated on the left and right of the chain line may be "entered 
in some convenient pl.icc in the right or left marginal column of the fielJ-book, under the heading “ Bear¬ 
ings at——” ; so ;ils(j i)earings t.ikcn at intermediate stations on the chain may he similarly entered. 

t In executing such a sur\cy, the area to be surveyed must alwavs be kept to the left of the observer 
when going round the land that is thus enclosed. 
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20. Examples in Plotting. 3S2, 390^ S95)‘ (0 Elot a survey, 

from the Notes in Fiij. 410, on a sral(! of 100 links — 1 incli. 

(2) Draw the plan of a forest, from th(! field-notes in (Pig. 390), on a scale 
of 500 links = I inch. 

(3) Plot a survey, having given the field-book for the same in (Pig. 305), 
on a scale of 50 liRks = i inch. 

21. Proof of 'itie AxciULAR Work (3F a Circlit. (I'ig*^-335, 345.) 
If a circuit or traverse* survey is made with the compass, tliat is, if trom a 
starting-point A {sc‘c Pig. 335) we procc^ed along s(‘v(‘ral stations successively 
measuring the distances and obser ng the bearings till we come back to the 
starting-point, tlum the angular work of tht* polvgon thus formed ('an be prov(*d 
by the following theorem : The siivi of the in'ieani angles of a polygon is equal to 
twice as many right angles {or gcT) as the figure has siilcs^ less four right angles 
{or 360'') 

Thus, from the entries in the following table 

Obsrrvrd Lcarini^ nsiir.d 

Stnticn of I'orwnrvl (li^'raiue, 

of Ob‘N(TV.iiion. Station. Link'>. 

0 A ... ... 281'" .[ij ... ... 1,23s 

0 P> ... ... i<>7 05 ... ... .’.oS 3 

0 C ... ... 210 15 • ■ ••• 

0 D ... ... 7 ^ ... ... L 740 

0 E ... ... 134 40 ... ... i.44g 

0 1' ... ... 2; 4 S ... ••• 3.03^’ 

0 Ct ... ... 326 55 ... ... 24ijo 

0 H ... ... 2J9 25 ... .. 913 

0 A 

the angular work of the circuit is proved as follows: 

*■ Hct ring's. Inward anc’lo';. 

At 0 A 2S1’ 4 <)' — 5g 25' (239' -5' i8<Ot = ' 5 ', 

0 li 107’ 05' — 101 40' (28L40' — iSo — C.V’ - 5 ' 

0 C 210 15' + 3()o'o()' 347'’“S'(107 “s' 't 22 V lo' 

0 0 7 j' 3 <j' — 3 “' LS' ( 2 i“ “ 5 ' ) = 42 is' 

0 E 134’ 40'+ 3O0; u>' 252 ' 3 <‘'( 72' 3 “' 4 180 ) = 742’ 1 “' 

0 I<' 27 45' I- 360’00' 314' 4 “'( 13 ^ 4 “' -f- I So) = 73 “S' 

0 <• 55'— 207° 4 S'( 27'45' -I iSo ) = 1J</ T“' 

0 H 239 25' — i.g/ 55' (32t>' 5 ) 5 ' — it)u') = 

.Sum of imvanl ani^lrs = r,()So’ «)o' 

Also, by rulo, ^aim of inward .mi:bs 2 x 8 x 90° — = 1,080 

I Icncc llic aiv4ular work of the sm vi'y is « orret t. 

22. SECTION PaI’KR. 474.) a cmnijass siim-y llic boarins^s and 

distances instead of beini^ rc'cordc'd in a lu^ld“buok, may be at oni'c plotted in the 
field as llie survey is proceeded with. In the latter I'ase the surveyor must provide 
himself with a eommon drawing board mounted witli pape-r, ruled with parallel lines 
.'it short distances apart, running iiortli and soutli, or east and west, or both, by 
which the protractor can at once he placed m position, and the healings laid off 
without the trouble of drawing a incrcdiaii tlirougli every station. The section 
paper (see Fig. 474) used in the Indian and Ifurma Cad.'istral surveys is well 
adapted for liiis purpose, being ruled with faint blue lines into one inch squares, 
which do not interfere with the details, nor detract from the appearance of a plan 
The advantage of a lield-hook is, that the plan can at any future time be plotted 
on .any required scale. It is much more convenient, however, to plot the measure¬ 
ments on a drawing board in the field, on a si-ale adapted to the size of the board, 


OHJiKRV.\TIONS. 

* I'or a definition of the liTin Zcaww. W ni.ip. XIV, Art. t. „„ ri.nn \IV Art lo 

t For ihe method “f nppWbi;4 the aiw»ilar corrections il any, m .i Ir.iM ^ j iiioni vinf 

So also with respect to the measured disianres. II after the angular work has been proved the plot of 
the liLs Jpro/>ortion ,o ti.eir fc.E-’ 

parallel to KA by a certain distance vvhicli is obtained thi s. '"“‘'P'y n-. ( r- multtply KA 

Ld divide by the sum of all the courses. The quotient will be the d-stante tdl; 4 ° ' /l^A by 

by AB + BC, and divide the product by the suif of teTeShsLf thi 

AB + BC + CD, and divide as before. So f.>r miy course, i;'‘'"„bLincd. and the closed 

course and of all those preceding; it, and divide a^. be c . J ni vf nf ilie* p-iven survey 

polygon AIV C' D' A will thus he formed, and will be the probabk plot of the gixcn survey. 

X The back bearings arc obtained by the rule in Art. 19. 




98 


AID TO LAND-SURVKVING. 


•IS tiu- surv. v is procccdca aiul thus he saved the labour of entenui,^ lliom 

;,st in'-, lield-hook and then plotlin- tliein at some future tune; besides, the 
•ulvanlaie of plotting diieetly in the held is that one can be sure that no details 

aic onntlcd.^^ ^ ^ uv Co-, iROi XATKS. Althou.<;h compass surveys, whether 
irian.mlation'or traverse, an- usually plotl,-d uith a protractor, they may bo pro- 
Inclcd by tlu' inclhod of iv('l.ini^n!ar ro-onliiialos, by wbirh all risk ol layiiy^^ down 
inroiTorriioarini^s and distances is obviated, d’lu* ina-nelic north line is drawn 
throin-h tia' startinn-poinl, and an (‘ast and west liia* at right angles thereto, 
tbronrdi th(‘ saini' point. The ealeiilalions of the latitudes and depaitiires are 
effeeted with the aad (^f 'Fraver.a' d'ables 'I'able XXXllI, “ CaleulatingTal)lc‘s,” 
Sth edition). 'riu‘ ali^'ebraie sum of the scweral sets ot resolved distances slioiild 
111 any closed traverse be equal to zero, and this affords a ytTifu'alion of the whole 
before' plotting it, and enables it tn le |dotte‘d c'orree'tly without alterations, bor 
information Olathe Mibject of calculation and plotting by the method of co-ordi¬ 
nates, or Gale’s d'ra\erse Sv>tein (.see C hap. Xl\ ). 

M.VNM'R of I-INDINOr rilK Ml KlDIAX AM.) \g\KI.\TI()N OF TIIF 
Xfi'-DFI*:. ^4“ ) norlli and south line of any 

station can only Le [omul, with aceuirae'y, by a--trononiical observations, but theie 
arc several methods ef approximating te) it, whic-li are quite aiuairate enough for 
most praetu'al piiipo>es ; of tlu'sc iIikm* arc' givc'ii below. 

Mjyiiioi) No. I. \)\ nil' Si. n’.s .shadow. rroet'C'd as directed in Chap. 
X, Art. 36. TIu' bis('('tnr is the //7/c North and South liiu'; if, now, a compass 
he set up on the liiu* and the hearing ol tlu' north I'lul ol the line read, tliis bearing, 
if it is /ess than iSo‘\ will be the variation of tlu' c'ompass ; and if it is ovir 
iSo^^, the differeiu:e between it and will gi\(' tlu' vaiiation of the compass 

Rlienioi.) No. j. Uv a mfuidionai. i'.i-.AKLXt; of tiii'. SoN.f For this 
mctliod the surveyor must pruxide hinoelf with a reliable watch wbicdi gives the 
/oni/ t'wnr accuraivly. d'o this hx'al tinu', at noon (or guniue), npply the ('quatioii 
of time (gi\(‘n in Table' XX of tie “ ('alculating 'ral)les,’’ 5lh (‘dition) with the 
nt'6";'i'6Wsign. the icsult will be the mean lime sb.own l*v tlu.' watch at the instant 
the sun will bc' on tlie meiidian. wSet up tlu' compass trii^y horizontal, and observe 
the healing of tlie sun’s centre at tlu* instant of time* afoicsaid, when the direction 
of the siglit-vane will be* tliat of tlu' meridian, from wbic'h the variation of the 
needle, ea^i or 'lecsf. can !.)(_• dechu'ed hv the follrwsing rule': — 

If sun is S., and bearing in defect ol i8(T, \ ariation 1 C = iScj^ ■—bearing; 
n M ,1 o n ,, e\('(?'>s ,, ,, W. b(\'iring— 180^^; 

n N’-, ,, ,, ,, delect .,360’ ,, K, = 360° —bearing; 

e n n ,, (‘xcc'.s,, ,, ,, \\'. bearing - "oT 

hxampic \ At Moulme.n, on tlie 131!) Gctoler, tiu' siin was cjbscrvt'd on the 
meridian with a I’lismatic Conipass, and the variation of the needle determined 
therefrom as follows ; — 

Mean time of wat('h w hen Sun was to cross meridian — o b. o m. -f’ 14 
-- oh. iq m. P.M., 

The bearing of the Sun, S., observed at 14 m. past noon, watch time, 

, AN as 177"’ 25', 

by ruV*, Variation K. - -- iSo"^ — 177^^ 2 ^ = 2 *^ 85 'T 
Mi-n iion No. 3. Dv tiik Poi i-: Stau. 'Fiic Pole 'Sv^x, Polaris, readies tI 7 e 
1 'vertical plane v\ith the start Ursa; Mnjoris 
[Ahoili) at the root o[ the tail of the Great Pear {sra Fif,r. 442). This circum- 
btance oc'curs twice during the 24 hours (iiioie precisely 23 h. 56 m.), but as stars 
cannot be seen in the daytiine, only that opportunity wliieh presents itself at night 
ca n bc taken ad vantage of fur finding the vertic-al position of the pole star on tfic 

OBShKX A'l loss. 

* '1 liP rislropon.'c.'tl tf im-, Ubfcl in Arule arc- defined in Chapter XVI. 

I ^ -nid M ulh In c ntay 1 c rotnaily fonnd l>y mo.tns of a w.ttch. '1 bus, if the hour hand is pointed 

to tfic son, ti c ^(ulh >Mtl be cxatilv init.w.iy hetucen ihc liour and the fit^iirc XII on the dial. Suppose, 
L- ’T'* 1 '“v ' ‘I’chand indicalint; IV to the sun and II on the watch is exactly south. 

If it IS 8 0 c](M.k point the l and mdicatm^^ \'1II to iht- sun and the figure X on tlie dial is due .sopth* 
lo be 2 -8 ^ »^ccdle at .Mt'ulmcin, accurately observed ith the theodolite in 1880, was found 

Chaotcr^ \ •'approximation, is absolutely correct only at the time of the 

is it^the timf. ’f iT ^ other hand, the largest error that would be engendered m th P 

«s at tlu time of the e^fuiuoxes {vide Chapter XVI, Art 22, seq.). 
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meridian, which is thus ascertained : Suspend a plummet in a convenient place, 
free from currents of air ; let the observer plaee hims('lf beliind the thread and w’ait 
until the moment when the stars roiayis and i rrsu* Major is ai(* hidden by the 
thread ; at the same time a small lantern is plartnl about loo yards off in the line 
of the pole star by an Assistant, who is directed to mov(^ to the lii^ht or l(‘tt, as 
necessary, by means of ctatain previously arran^-ed signals. Xc’xt have a picket 
driven into the ground underneath the li.eht, thi*n tln^ lint' joininij^ tht' observer’s 
position and the picket is the nuaidian line, the bearing of w hich can be read at 
leisure tht' following morning. 

If a theodolite is at hand, the meridian may bt^ found immediately, thus: Let 
the vertical wire of the diaphram of the tt'lest'opt^ he taktai for tlu' plumb line along 
W'hich the tw’o stars are to be seen ; set the instrument to z(*ro of magnt.'lic north. 
If the bearing of the pole star be then read, at the instant of lime w'h.cai tlui two 
stars arc seen on the verti('al wire, it will show' tlu^ variation of llu‘ compass. 

The pole star, which is about i} degrees^ distant fiom tlu' poIt\ is (xasily 
identified by the stars callc'd the “Pointers” in the above named conslellaticm, 
W'hich always point almost direc tly tuw'ards the pole. 

The time at w'hh'h Polaris (or the North Star) passes the meridian above 
the Polo for every tenth day (civil) in the year, \> given in the following table in 
common clock timc.t The upper transit {sec lag. 442) is the most convc'nient, 
since at the other transit the f Vrscc Major is is too high to be c'onvenic'ntly 
observed :— 


Month. 




^1 


QU, 


Jnnunry 
Fcht n.’iry 
Mnrch 
A pi il 
.M .'ly 
111 no 

Jnly 

Ai't^ust 

September 

October 

Nbivember 

December 


K. 


1st 

day (civ l). 

nth da\ (civil). 

2:stda\ (civil). 

H. 

M. 

H. 

M. 

II. 

M. 

06 

36 r.Nf. 

5 

57 iXM. 

5 

17 P.M. 

Of 

3h » 

3 

54 

3 

J5 M 

02 

43 u 

2 

01- ,, 

I 

24 .. 

00 

41 .. 

0 

OJ 

It 

23 A.M. 

10 

43 a.m. 

JO 

of A.M. 

9 

25 » 

oS 

4*^ ,, 

8 

02 „ 

7 

23 .» 

oO 

44 » 

0 

05 

5 

25 » 

Of 

43 » 

4 

0.1 „ 

3 

25 

02 

•D n 

2 

02 „ 

I 

23 M 

00 

44 

0 

O', „ 

11 

2 1 P.M. 

10 

38 P.M. 

9 

59 P.M. 

9 

H) „ 

08 

40 » 

8 

Ol „ 

7 

2 1 „ 


To find the time of the star’s passage across the meridian for other days 
than those given in the Table, take from it the time for the day most nearly pre¬ 
ceding that desired, and subtract from this tinu' 4 minutes for each day from the 
date of the day in the d\ible to that of the desired day. 

Polaris passes the meridian later every year by about 22 seconds. In 1908 
it w'ill pass the meridian about 4 minutes later, and in 1918, 8 minutes later than 
in 189S, the year for which the pre('eding Table has been calculat(‘d. 

The times at which Polaris passes the meridian below the Pole, in its lower 
transit {see Fig. 442), can be found by adding 11 h. 58 m. to the time of the upper 
transit, or by .subtracting that interval from it. 


USEFUL PROBLEMS. 

25. Problem I. To survey a fields hy setting up the compass at ONE 
station. (Fig. 368.) 


OB.SERVATIONS. 

♦ The mean distance of Polaris (a Ursa; Minoris) from the Polo, in 1898, is i"* 14'. This distance is, 
by the effect of Precession, ye.srly decreasing" by a variable amount (at present about 19") till the year 2120, 
when it will be reduced to under half a degree, after whicli it will begin to inensa'-e. 

t To calculate the time of Polaris passing the tneridi.an .at its ui>pey culmination : Find in the Nautical 
Alm.anac (under the head of “ Apparent Places of Stars”) the riudit ascension of the star, .and frfrn it (in- 
crea‘'cd by 2V hours, if necessary, to render the stiblr.aclion possU)U) subtract the right ascension of the sun 
at mean noon, i.e., the sidereal time at mean noon (fouml in 'I'able II of the N.autical Almanac) for the given 
dav (('mitting the consideration of the correction, -f- or for diflerence in longitude, w'hich in no case 
exceeds 2' —w Chap. XVI, Art. 59). Convert the rem.alnder, which is sidore d time, into mc.'in solar time 
(by Table XX.KII, “Calculating rabhs,” 51)1 edifon), and the result will be the required mean solar time 
of ihe tipper passage of the star across the meridian, in astronotnical reckoning, the astronmo'cal day begin¬ 
ning at noon of the common civil da\ of tlie same date. 
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AID TO land-surveying. 


Place the compass at any point O, near the middle of the field, and having 
placed marks at (ivery ('ornca* of i 1 h‘ lield, measure tlic angU^s COD, DOK, KOA, 
AOB, and BOC ; also measure with a chain the distances OC, OD, OK, OA, and 
OB ; and with this data a plan of tlie survey can easily b(^ formed. -Or, the instru¬ 
ment may be planted at one of the corners, as lb from which the others are visible; 
and the following measurements made: the angles CBD, DBK, and EBA, and the 
distances BC, BD, Bib and BA. 

26. Problem 11 . To survey a field, by setting up the compass at 
stations. (Pig- ) 

Select two convenient points .v and y, within the fi(dd, a short distance apart, 
from which all th(' corncTs of the field are visible, and measuiai the distance as a 
hasc’line with a chain. Place the compass at .v and measure the angles yxk, yx^, 
yxC, yxD, yxE, yxE, and yxG ; again place the compass uly, and measure the 
angles Ayx, Bv.v, Cyx, Y)yx, Vyx, Eyx, and Gyx. The distances xy, and the angles 
being plotted, the intersections of the dotted lines will give the corners of the field, 
wdiich being connected will represent the lield surva^yed. 

27. Problem 111 . To find one s place in a Survey, (Fig. 396.) 

Set up the compass at O and take the bearing of a fixed point A, w'hich is, say, 
301° 030' ; again take the bearing of another fixed point B, which is, say, 74° 15'. 
But at b the bearings of A and B being got, the hack-hearings of O at A and B 
can be deduced by the rule in Art. 19, as follow's.- bearing of O at A — 301° 30' 
— 180"^ 00'— i2i''3o'; and at B^ 74' 15'+ iHif 00' ■— 2$^^ 15'. Now-the points 
A and B being known, th(?y can be plotted on paper and with the tw'O deduced 
back-bearings the point O can bc' laid down ; thus, draw' the magnetic meridian 
through the points A and B, adjust the protractor at A and lay off 121'^ 30' S. Ib, 
the bearing of O at A ; similarly adjust the protractor at B and lay off 74*^ 15' S. W., 
the bearing of Oat B ; then th(i intersection of these tw’o lines will give the position 
of the required station O. Obsiuve that the nearer the tw'o bearings meet at a 
right angle, the morc^ accurately w ill the required station be determined ; also when 
it is possible to take a bearing to a third known point, it should be done as a check 
on the w'ork. 

28. Problem IV. To draw a Mariner'*s Compass. (Fig. 391.) 

With the north, east, south and w'est lines of a given point, draw therefrom 
lines to the right making the following angles : 115^22^ 30',33° 45', 45'^ 00', 56® 15', 
67° 30', 78"^ 45' and 90'^ 00", also writing the letters which denote their respective 
directions, as in the figure, N standing for north, E for east, W for west and b for 
the word by. 

TO FIND CLOCK TIME. 

29. To FIND time:. By any of the methods given in Chap. X, Art. 24, 
obtain the true meridian line on, say, a piece of paper pasted on a board. Somc- 
w'here on this north and south line fix the point of a lead pencil w'hich is held 
perpendicular to the paper. At noon the shadow of the pencil will fall on the 
meridian line, giving the apparent time, to which if the equation of time given in 
Table XX of the “ Calculating Tables,” 5th edition, is applied, the mean or clock 
time will be found to within a few^ minutes, sufficiently accurate for practical pur¬ 
poses. Instead of using a pencil or other similar contrivance, it would perhaps 
be safer to suspend a small plummet attached to a piece of thread from above the 
paper so that its point may be exactly over the draw'ii N and S line ; thus the 
shadow w^ould be better defined and more precise, and the perpendicularity of the 
string ensured beyond doubt. 


DIALLING. 

3a * Dialling ’ defined. Dialling is the art of constructing sun-dials. 

31. ‘ Sun-dial ’ described. A sun-dial is a surface, generally a plane, 
on which a system of lines is drawm in such a manner that the coincidence of the 
shadow of a straight rod or edge with any of them, points out the hour of the day 
in apparent time. The straight rod or edge is called the stile or gnomon of the 
dial, and the system of lines are called hour lines. When the stile is the edge of 
a plate, the latter is called a plate stile. The plane of the plate stile is generally 
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placed perpendicularly to the plane of the dial, and its intersection with the plane 
of the dial is called the substilc. The inclination of the stile to th(? plane of the 
dial—that is, to the substilc'—is called the elevation of the stile. The stile is always 
placed parallel to the earth’s axis, and the hour lines are iniTely the intersections 
with the surfaca; of the dial of plan(*s passine^ through tlui stil(‘, which, with the plane 
of the meridian, are iiK'Iined to one another at an an^lc of 15^ in succession. 
When the plane of tlu' dial is horizontal, it is called a horizontal dial ; when it is 
vertical, it is called a vertical or an erect dial ; and wduai the dial is both vertical 
and perpendicular to the meridian, it is called a prime vertical dial ; but the con¬ 
struction of only the first and third of the 3 kinds, as being th(^ ones in general use, 
has bc(Mi cles('ribed in this Chapter. In a horizontal dial, the elevation of the stile 
is equal to the latitude of the place. The most accurate', method of constructing 
dials (‘uibraces the principles of spherical trigononu^try, with wdiich however the 
student need not be familiar to follow* the w’orking giviMi below'. 

32.^ T(j CONSTRUCT A HoRi'/oNrAL Dial. (lugs. 398,399, 406.) Let 
SNT [see Fig. 406) be the plane of the dial, extended to cut the' celestial sphere, 
F the pole, SPIM the plane of the meridian, and CPT the plane of an hour 
circle. CP is the direction of the stile, and CN the dirc'ction of tlie substile. 
Then PN is tlu^ lalilude, and d''CT \]ut hour line corn^sponding to the meridian, 
which gives the hours of tin* sanu^ name in the forenoon and afternoon—as, for 
instance, live o’clock in the evening and morning; also SN is the hour line of 
tw'elvc. 

Let / = PN, the latitude of the place, 

h =z angle TPN, Iht^ hour angle in degrt'es, 
and t = NT, the distance in degn^es of tlu^ hour line from N; 
then in the sphcri('al triangle PNl", having the right angle N, 
sin. I cot. li. tan. /, 

/. tan. t = sin. /. tan. //, 
or log. tan. i = log. sin. / + log. tan. li 10. 

For any given latitudci = /, the above equation wdll give the values of t when 

45 ^ ... . . 

Example : Suppose a horizontal dial is required for Moulmcin, latitude 
16® 29'. 'rho angular distances of the hour lines in succession from the hour line 
of noon will be— 

For 11 A.M, or i P.M,, / = 4® 21' 

(tan. / = sin. 16® 29' X tan. 15® = tan. 4® 21') 

„ 10 ,, ,, 2 ~ 9 18 

(tan. / = sin. 16 29 X tan. 30 = tan. 9® 18') 

n 9 U Z n I ^5 5 ^^, 

(tan./ = sin. 16 29 X tan. 45 = tan. 15 50) 

„ 8 „ „ 4 „ / = 26® 10' 

(tan. / = .sin. 16® 29' X tan. 60® = tan. 26® 10") 

>) 7 n )) 5 n ^ ~ 3^ 

(tan./ = sin. 16® 29' X tan. 75® = tan.46® 38') 

6 ,, ^ jj / — 9^ ' 

And in case it is desired to .show^ every 15 minute line. It will only be necessary 
to take h = 3® 45', 7® 30', 11® 15', 15® 00', etc., and the value of / similarly found 
to the above from the equation before given. Hence, for a horizontal dial at 
Moulmein, the angular distance to show every 15'" line will be as follows :—• 



OBSERVATION. 

*The astronomical terms employed in this and the two succeeding articles arc e.xplalncd in Chapter XVI. 
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AID TO LAND-SURVEYING. 


Next, on a brass disc of convenient diameter, mark off a diameter to represent 
tlic north and south line, and on each side of it mark off the hour lines at the 

estimated auL^le^, /.r., 4 21', cj 18', 13’ 30', 26° 10', 46"" 38', and 90^ as in (Fig. 

39()). To this disc allix the gnomon, also of brass, the slant side of which must 
make an angle of 16' 29' with the plam^ of the disc Now, by means of a spirit 
level, candully level in all directions some plac(i, not liable to t^e sliaken, so as to 
receive the metal disc. Then, having found the meridian by the method in (Art. 

26), carefully make the N and S line of the disc coincide with it, and then finally 

secure the disc to its stand, as seen in (Fig 39^)- 

33. To coNsrurc r a prime veri'kwe dial. (Fig. 161.) Let TNZ 
be the plane of the dial produced to cut tlie celestial sphere, P the pole of an 
oppoMte name from the latitude, NPZ the plane of the meridian, CPT the 
plane of an hour circle, and CP the direction of the stile. Then PN is the co¬ 
latitude, and d'C r' the hour line corresponding to that merieian, which gives the 
hours of the same namc^ at F and T' in thc^ forenoon and afternoon. 

Psing the same notation as in the preceding problem, excepting c for the co¬ 
latitude PN, instead of /, it appears from the triangle PN'F that— 

sin. c == cot. h. tan. /, 

.‘.tan. / = =: cos. /. tan. //. 

cot.//. 

Example : I'ind the angular distances, for a vertical dial, of the hour lines in 
succession from the hour liiu? of noon, for a place in the latitude of 31^ 33k 
For I P.M. or II A.M., / 1= 12'^ 52'. 

2 „ „ 10 „ / = 26 12 . 

3 „ „ 9 - 4^ 27 . 

4 M M 8 „ / = 35 34 . 

5 )f 7 n / 7^ 33 • 

34. Brief rui.es for the construction of Horizontal and 
Vertical dials. (Figs. 188, 190.) 

Horizontal sun-dial, in north latitude. (See Fig. 188.) 

Mill ~ Horizon of place. 

NXM = Latitude of place. 

The gnomon should be fixed in the plane of the meridian. 

Rule for finding the hour lines : 

If MI n.‘prescnt // hours from noon, 

tan. M\I — sin. lat. X tan. (// X 13'^). (13° corresponds to i 

hour.) 

Vertical sun-dial, facing the south. (See Fig. 190) 

ZIQ — a vertical circle facing the south, 

SXQ = co-latitude of place. 

If 01 r(‘pre-;cnts // hours from noon, 

tan. 0 X 1 == cos. lat. X tan (// X 15*^). 

33. Tr.W’IU.ling Sun-DL\LS. In the case of travelling sun-dials, which 
are numerous and of various constructions, some are intended for universal usage 
and others for particular countiies. They are instruments with which sun or 
apparent time ('an be obtained, but only approximately. They usually carry a 
magnetic needle fitted insidcNi box, with which the N. and S. line of a dial is capable 
of being adjusted to the true meridian. In setting the instrument for use, the N. 
and S. line of the disc is brought to correspond with the true north line, by making 
the magnetic needh? point to the number of degrees on the right or left of zero, 
according to the number of degrees the variation of the needle is E. or \V. at that 
particular plac'e. 

36. Fo IMNl) the MI'.RIDIAN IN WHICH TO SET THE GNOMON Ol- A 
SL'N-dial. (Fig. 40}..) Fix a vertleal rod, about 7 inches high, at the southern 
edge of the horizontal surface^ which is to form the sun-dial. I^ctween the hours 
of 8 to 10 A.M. mark positions of the shadow of lop of rod -in the figure these 
positions are /;, c, Witli the boltom of the vertical rod (/ ) as centre, and the 
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distances ra^ rh^ /'C as radii, describe arcs. In the afternoon, between the hours 
of 2 and 4, observe passai^ii of shadow of top of rod across the arcs at c\ //, a\ 
The meridian will be in the line bisectinij aa\ hb\ cc , 

37. To CONVERT SCN-DIAE TIME INTO (T.O( K TIME. In order to con¬ 
vert the apparent or sun-dial time, as indicated by the shadow of the e;nomon of a 
sun-dial, into mean or (dock time, apply to it the equation of time found in (lable 
XX of the “ Calculating Tables,” 5th edition) with the proper sign. 


CHAPTKR XL 

Plane-table Surveying. 

1. Use of the Peane-'I'ABI-E. 'I'he Planc-iahlc is an instrument used for 
filling in the interior details of a survey, after the boundaries and principal chain lines 
w'hich have been surveyed by compass and chain, or by the tlieodolitc and chain, 
have been plotted on paper. It should n(;ver be used for purposes of extension, or 
any external work where great accuracy is required. 

2. Ccjnsircction of the Plane-tabi.e. (Fig. 402.) The VlanC' 
iablc* consists of an ordinary drawdng board of w'ell-S(‘asoned oak, teak, or toon 
wood, about an inch thick, and is of various dimensions; the one that is 30 inches 
by 24 inch(‘s is gcmerally worked with, being as large as can conveniently be used. 
Deal and otlier soft w'oods are not recommeiwhxl for plane-tables, as they imbibe 
moisture quickly and expand across the grain. The surface of the table is smooth 
and level. There arc two w’ooden bars about 2 inches in width screw'ed on to the 
under part of the table, running across the grain of the wood, to prevent its warp¬ 
ing. It has a screw^ in the' centre of the table, underneath, by which it can be 
fixed tightly upon a tripod stand, or moved horizontally in any required direction. 
On one side of some of the labk^s is a small projecting ledge witli a groove cut in 
it to hold a rectangular compass^box, about 4 inches long, i inch broad, and 
inch deep, and wdiich has a glass cov(‘r and contains a magnetic needle swinging on 
a pivot at its centre. 'The box is so made to fit in as to lie in the direction of the 
edge of the table to which it is fixed. In other plane-tables tliis projecting kjdge 
does not exist, it being considered more convenient to detacdi the compass-box, and 
place it, whenever requiiTd, on the margin of the tablinn the proper direction. 

3. DescribtioN of Till-: iNDex-Ri:! e. (Fig. 402.) The plane-table has 
also an i/idrx-nile, about the length of its diagonal, made of ebony or other heavy 
and wdl-scasoned w'ood, ij inches wide and J of an inch thick. ]3oth edges of 
the index-rule are bevelled, and on eacli end a sigbt-vaiic^ like lliat in the prisma¬ 
tic compass, about five inches long, is fixed ptTpendicularly, by means of screws, to 
the index*rule.t On the eye sight-vane is a fine slit in the centre running along 
its length ; the slit on the object sight-vane is i inch in width, along the centre of 
which is fixed a fine straight wire. To make an intersection, the eye slit^ the ver¬ 
tical ivire, and the object must appear in the one line. 

4. To TE.ST THE BERPENHICUEAKITY OF '1 HE SIGHT-VANE. Point the 
index-rule on some small and well-defined object, at the distance of 200 or 300 
yards. Intersect the object with the upper or lower portion of the sights, and 
moving the eye up and dow'ii, see if the slit, the 7 i'//r, and the object still remain 
in the same line ; if they do not, the wire or even the sight must be altered until 
they do. It is not often that this alteration is necessary. 

5 . Advantage of direcily plotting work on a piane-table. 
On a plane-table the surveyor plots off direct from nature the angles subtended 
at his eye by the various objects he may desire to lay dow'n or work from, and as 
his index-rule is of full length, his plotting is as accurate as it wtU can be. He 


ORsKRVVTInSs. 

* The p1ane*lablc L hot a Gonluinclcr, of AnglcMiicabUfci-, like the Compa^-s, etc., but a Gonigraph Or 
Anglc‘dra\ver. 

t Some Index rules have tlie sight-vanes only lilngcd on, to admit of their being folded down when not 
In use ; but the ones with fi.xcd sights are preferable to thciC. 
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therefore sav(?s much time and avoids all the (Trors and mistakes to which ho 
would be liable if he observed his angles with a suitable instrument first and then 
plotted them with a protractor. 

6. Direc HONS EOR moun itxg the paper. Before commencing opera¬ 
tions with a plane-tabl(\ the first thing to be done is to mount the board with 
paper, which must be fresh, thick, and good ; in fact, such as is list'd for drawing 
on {see Chap. VII, Art. 18). First cut the paper to I of an inch less than the 
size of the board all round, then take a wet sponge and thoroughly damp the 
reverse side of the paper. Take a strip of long-cloth or muslin 3 inches in width, 
having first washed out the stareh and dried it, and paste one inch of it with fine 
paste"*^ all round the board, allowing the other two inches to overlap it; then paste 
the edge of the paper on the pasted strip of cloth, and smooth it out w'ith a dry 
cloth, pasting the overlapping edges of the cloth with stiff paste underneath the 
board ; allow the paper and table to dry thoroughly in the shade for 2 or 3 days, 
and they will be ready for use. 

7. Projecting the points oe the Survey. (Fig. 405.) After the 
table has been mountial with paper, preceded to project on it the points of the survey, 
the positions of which have been already fixiid either by a theodolite or a compass, 
and join the points by red lines ; also draw the scale of the map in a spare corner, 
and plot the magnetic north line of the survey parallel to that edge of the paper 
next which is the compass box, and the table will b(^ ready for use. 

8. To plant the table in position. (Fig. 405.) Place the table on 
its stand, without tightening the screw (below), make it as level as possible with 
the hand, and turn it slowly round until the magnetic net^dle points to the north ; 
then clamp it f ; the north line of the survey being parallel to the needle, it is evident 
that all the othcT lines of the survey on the paper must be parallel to their original 
directions on the ground. Reniovi; the tabUt to any other place on the ground, 
and repeat the operation; since the magnetic needle always points to the magnetic 
north, it is in its new position, parallel, in practice, to itself in the first position, 
and therefore all the edges of the tabi(' and all the lines of the survey are in posi¬ 
tions exa('tly parallel to those they occupied before. Upon this fact depends the 
method of using the plane-table for survey purposes. Practically, the table ought 
never to bet sett uj) by the compass alone, but sights should be taken to different 
fixed points in addition, as a check upon the accuracy of the needle, and of its 
being truly parallel to the magnetic north line, as plotted on the paper. It should 
be observed that in placing the plane-table over any station, that spot on the 
table representing such station, and not the centre of the table, should be over the 
station on the ground ; it may be so placed by dropping a pebble from the cor¬ 
responding point on the underside of the table. Now, having fixed the table at 
a convenient part of the ground, make a point on tin* paper to represent that part 
of the ground. Run a fine pin through this point into the table, against which 
apply one edge \ of the index-rule, moving it round until some remarkable object, 
or mark set up for that purpose, is perceived. Then draw a pencil line from the 
station point, along f/iis edg(i of the index-rule. Again, set the sights to another 
mark or object, and draw a pencil line, as before, and so proi:eed until as many 
lines of direction as are necessary from this station are obtained. 'Then measure, 
by means of the chain or perambulator {see Chap. IX, Arts. 56 —60), the distances 
from the station to as many objects as may be necessary, taking at the same time 
the offsets to the required corners or crooked parts of hedges, and setting off all 
the measures upon their respective^ lines upon the tab’e. Now, remove the table 

obskrVations. 

♦ The best and cleanest paste is very thick rice w.'itcr. 

t This method of planting the plane table in posifon in a survey by means of the magnetic needle is 
also known as O) tenting. 

J Either of tlie two edges may be employed, since there w.'uld be no appreciable difference in the direct 
tion of an object situated at a distance of above -o feet from the table. Iht large-scale surveys the plane- 
table generally employed is 30" x and the indeJc-nile 30" X 2". dhe difference in the direclion of art 
object 20 feel distant with such a ruU*, ihcieforc, would be repre.sented at j2 inches from its position on the 
map by 2" X 12" 20' = 01 inch, by the property of similar figuics. And as 20 feet on the map for the 

largest scale surveys usually undertaken, viz., O4" i mile .and 50' 3c i inch, would be shown by distances 

of 20' X 0-24. inch, and 2 o' X ooo = o ‘4 inch, respectively, the diifcrcncc in direction referred to 

would be practically nil. 
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to some other station, Avhose distance from the foregoim^ was previously measured ; 
then lay down the objects which appear from thence, and so continue until the work 
is tinishc-d, measuring only such lines as are necessary, and determining as many 
objects and points as possible by intersecting lines of direction drawn from different 
stations. 

9. Magnetic needijc to be powereui.. The magnetic needle should 
pkry freely, be strongly magnetized, be very sensitive, and yet settle quickly.* 

10. Plane-'iwbi.e used chiefly in connection with itieodolite 
SURVEYS. (Pig. 334 ) As neither the* surveying compass nor the prismatic com¬ 
pass have tek.'scopes attacht‘d to them, it is i^vident that an object cannot be seen 
at a greatcT dis!anc(i with them than with the plane-table, and hence the plane- 
table is seldom, if ever, used to fdl in the details of a compass survey, as the posi¬ 
tions of objects can be fixed by offsc^ts, but it is very useful for filling in a survey 
made with thj theodolite. Thus, in tlu* l' 4 gnre, the thick lines and the thin liiKcs 
by the river bank represent the survt‘V lines from s'ation to station of a theodolite 
traverse, which have been plotted on papiu* duly mounted on the plane-table ; the 
alternate dot and stroke linrs art? the prineij al chain measurements made and 
plotted on the paper, which dividt* the ground into convenient blocks ; the thick 
dotted lines are the s(‘Condary chain measurements made and plotted on the paper, 
which run close to such boundaries and objects as are to be fixt.'d ; the thin dotted 
lines arii offset measurtunents madt? from both principal and secondary lines to 
boundaries and objects for their ddeuTnination —these lines are never drawn on the 
plan, but are shown in the lugiire as explanatory. 

11. Numbering oi* fields and otiii^r rn-MsiNA Plan. (Pigs. 323, 

507, ) surveys f made on a large sc'ale, of mib*, or 32''=! mil(‘as 

is the Cadastral Survey of India and Hurina, every cultivated fu^ld, waste land, 
jungle, grazing ground, house, tank, well, etc., shown on the Plan is numbered for 
convenience of reference, and the numbers entered in an Area Slatenuiit form with 
the corresponding area of eacdi, in acres. And in ord(T that any item of (he pkan 
(which probably contains hundnals and thousaiu’s of it(Mns) of which the number 
is given may be found on immediate reference* to the plan itself, it is (dear that the 
numbering of these items must be execu'ed in some syst(‘malic order to (‘liable 
this to be possible. Hence, in the Cadas'ral Survey it is laid down that th(‘ num¬ 
bers on a plan (which may consist of one, tw'o, three, or more sheets) should 
invariably commenc(? at the N. \V. or upper left-hand corner of the plan, following 
the course shown by the arrow in (b'ig. 5(-)7), until it ends at the S. K. or lowar 
right-hand corner of the plan. (big’^. 323, 508) show' how the numbers of the 
fnjlds are to be entered, recollecting that in numbering, no items arc to be skipp(*d, 
but are to join on to each other in serial order ; if, by mistake, any item has been 
omitted, it must b(i numbered wdth a number composed for the numerator 

of the item number adjoining it, and for tin* denominator of tin* numb(T fodowdng 
the last number entered on the plan, as, for exampli', in (Pig. 50S), 24 being 
the number of the adjoining item, and 29 the* la^t numlar entered on tin? plan; if 
there was, besides, another fractional number to be enter(.‘d, as i its denominator 
would be 31 ; and so on, for others. 

12. SURVICYING WITH THE PLANE-TABLE AND UlIAIN ONLY. (Fig. 
401.) 'Phe plane-tabU* can be used to make a surv(‘y indep(*ndently of any other 
instrument except the chain. If the table be set up and turnecl round till thcj 
needle points to the north, and a line b(‘ draw'n on tin* paper parallel to the n(.*edle, 
this will of course be a meridian line. If, now, a flag be put into the ground, in 

OBSERV\TIONS. 

* A good compAsfi nccdlo is n gtent .'ild to r.'ipld pI.inc-t.iLling, innsmiuh ns It rnnblos the fiui'vcyo!* t (3 
3ct his plane-table so corn’ctly that the intersections of the rays to the sui roundihg points gi\e him at once 
his true position, without the necessity of a second approximatir.n. If the needle i.3 found to be weak, it cat! 
be re‘magneti2cd by the process described in Chap. X, Art. When not in use, the needle should be 
thro^^n oil its pivot by the lever provided for this purpose : this should always be done whenever it is taken 
off the planc'tahle. 

t It also happens that subsequent lo Suivey, changes take place in the land, when orij'inal items are 
.split up into two or mot-c parts ; in such cases the addilional parts receive fi actional numbers having the 
number of the item of whicli it originally formctl part for numerator, and for denominat^a* the number 
succeeding the last number entered on the plan. 
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any position of the' land to he siirvoyod, and a point on tlio meridian line be lalom 
to represent the point on the i;ruund over ^vhlch the table is standing, the posi¬ 
tion of tlu^ ilag on the paper can be found. Place a pin In the assumi‘d point in 
the meridian line, and place oni' edge* of the Index-rule against it, and turn It round 
till the sights coincide Avith the* Hag ; draw a line along this edge of the index-rule, 
and measure, with a chain, the* distance of ihe flag on the ground, and lay down 
by scale the same distama* on the paper ; this will give the po.sition of the flag. 
The positions of other ohjeeTs can be found In the same way. Offsets can be taken 
as in a chain survey, and also by obtaining the directions with the index-rule, to 
a place, from a known point, and the distaiu'e measured with a chain and set off 
on the paper. The advantage of a plane-table and chain survey over a chain or 
compass survey is that the work is self-plotti'd on the board, as surveyed, and no 
field-book is necessary to be kept up. 

13. AdVANTAGF.OUS COADiTlOiNS OF COOXTRY FOR TIIF PROSKCU- 
TION OF PFAXF-TABLI': SURVF.YS. A hilly country offers the fairest field for the 
practice of plane-table surv(‘ys where the stations of a theodolite survey arc given, 
and the more rugged the surface, the greater will be the relative advantages and 
facilities this system possi*sses over the methods of actual measurement. On the 
other hand, in flat lands the plane-table works at a disadvantage, while the traverse 
system is facilitated. 

rSFFlT. PrOBFFMS. 

14. Probi.fm I. To ohlaiii the position of a plane-table ivithin a survey, 
and to fix points thercfroni. (Pigs. 164, 401.) 

Suppose the; plane-table to have been set up (or oriented) by m(*ans of a 
magnetic needle somewhere within the boundaries fixed by the pegs driven into 
the ground in the course of a compass or theodolite survey (iw Pig. 401), the 
first thing to be done is to find the point on the paper corresponding with the 
point over which the table has been setup. To do this: (i) set up flags on 3 
or 4 stations on tlie ground that can easily be seen from tlie position of the table ; 

(2) put a pin In the point of the paper corresponding to tlie first of those flags ; 

(3) place the (‘dge of the indc'X-rule against this pin, and turn the rider slowly 
round till the slit in one sight-vane and tlie ware in the other coincide with the flag ; 

(4) draw a pencil line along tin* edge of the ruler. The point required must evi¬ 
dently be on this line. (5) Repeat this operation for flag No. 2, and the point 
required must evidently be upon the line drawn this time, and therefore it must be 
the point of intersection of these two peiudl lines. If the flags were exactly at 
the distance apart they w'erc supposed to be, if the needle pointed exactly to the 
north, if there w'ere no mistake in observing the flags or in the plotting of the 
survey, this wa)uld be all that was required ; but there are so many sources of error, 
that It is always better to repeat the above operation to one or two more flags.* 
Next, suppose the table had been set up, as aforesaid, in the vicinity of a rectangu¬ 
lar tank abed^ w hich it was desired to show on the pkin. Set up a flag at each 
corner of the tank ; put a pin in the point on the table, which has just been found 
to correspond with the point, © i, on the ground over wdiich the table has been 
set ; put the edge; of the ind<*x-rule against this pin, and turn it round until the 
flag at a is seen through the slit in one .sight-vane, coinciding with the wire in the 
other ; draw a pencil line along the ru’er, and thi; corner of the tank must be 
somcwdiere on that line. In a similar way draw lines to the other corners of the 
tank. Remove the table to another side of the tank, as 0 2 ; find the point on the 
table, as before, corresponding with the point on the ground where it has been set 
up ; draw lines to the four corners of the tank, as before ; and the Intersection of 
these lines with the former lines will determine the required’positions of the four 
corners of the tank. In a .similar way the positions of any other required object 
may be obtained. 


ODbERVATlON. 

* The above proers^i is termed in^erpo'ativn^ which is the net of cuttin,!:^ in onc’.s position from three? rr 
more known fixed points ; thus* in (Fii,c ifH), A, 13, C, are three known'fixed points represented on the 
plane-table by the lelteis a, h, c. Ilavioe^ set up the t.ddc with respect to the magnetic north line, draw in 
with the 111 '', the directions Cep^ Bbp^ Aap, meeting inj tliCTi/> is the interpolated point denoting 

the position of the table on tlie paper. 
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15. Problem II. From any hvo points to fix a scries ofi others. (Fig. 

400.) 

Select two stations, M and N, some distania^ apart, from which the series of 
objects arc visible. Draw the sc.ilc of the plan, whatever that is to be, in a corner 
of the paper. Measure the distance between M and N, and prick a point in a 
convenient part of the papi'r to denote one of the stations, as M. Set up the 
instrument at M, put a pin ,'it tin- point on the paper representing that .station, and 
place one edge of the im'ex-rule .ag.'iinst it. Turn the table round until the zero 
of the compass ])oints nortli, and in that position clamp the t.abli’ lirm. Now 
keeping the edge of tlu^ index-ruk'against the pin at M, turn it round so as to 
direct the sights to the otlu-r station N, and along this eilge draw a pencil line on 
the paper to represent the direction of N. With a pair of compassi s talof the 
measured distance between M and N off tin; protr.u ted scale, and l.iv it off on this 
pencil line from M, thus fixing N, the other station of the base line. Again move 
the index-rule round the point M as a centre, diri ct the sights to the object A, 
and dr.aw a line from the point M .ilong the edge of the rule. In the same man¬ 
ner direct the sights and draw the lim s in succession, in the direction of R, C, D, 
E, and F, from the point M. ll.aving done this, move the instrument to station 
N and turn the table round till tbe zero of the compass points north ; 'ay oiu; edge 
of the index-rule ag.'iinst the pencil line NM, and the sights should show the 
direction of M. Now (ix a pin in the point N, lay one edge ol the imVx-rule against 
it, and direct the sights in succession to the olijects A, IS, ( 1 , D, E, and b', draw¬ 
ing lines from the point N in their .several directions, as before, and the intersec¬ 
tions of these bill's with those drawn from the point M will be tI k ir respective 


positions on the plan. 

16. Problem Ill. 7 o survey a piece of land in the form 0/ a trape- 
zinm h\< setting np the plane-fable at two of the opposite angles only. 

(Fig. 165) 

Sot up flags at R, C and D; plant the tabli' at A liy means of a comp.ass, 
with due respect to the N .and S linix Make a point on some convenient part 
of the planc-l.'dile paper to rcprcseiil A. Apply one i dge of the index-rule at 
A and direct its sight until the vertical wire in it intersects the llag at B; draw 
a pencil line a'ong the edge of the rule from A in the direction of R. Now 
proceed to chain Rie line AR on tbe ground, and baviiig determined its length, 
with a sca'e mark off the exact length AR on the paper. Next direct the ru'e 
towards C and D, and in like manner measure tbe dislancis on tbe ground and 
plot the s.ame on the paper, so that the relative positions and lengths of the lines 
AR AC and AD .are obtained. Again, move the table to R and adjust it as 
before, taking care to check the line AR in refen nee to th.e positiini of the table 
at R by directing the index-iu'i> back upon A. Now proceed to directt he rule 
towards the (lag.sat C and D, and measure the lines RC, RD, upon the ground, and 
having plotted them with the sc.de, the survey is cninpleted, and the accuracy of 
the wairk will be proved if the lengths RC, P>D are found by measurement to 
coincide exactly with the points C and D formed by measuiing the lines AR, 


AC, and AD. ,, ,• . ... 

17. Priible.m IV. To svrvcv -n'ltli the plane-table,Jrom a station ’ioithin 

the field, svifh or ndlhont a compass. (l‘ig. 

Plant the t.able at a point O somewhere within the field ; if it has a magnetic 
need'c, adjust it so th.at its zero m.ay point north, otherwise no matter ; fix a con¬ 
venient point on the paper to reprc.sent O; bring one edge of the index-rule against 
a pin fixed.in this point, and direct the sights to A, drawing a line in that direc¬ 
tion : measure OA, and from the scale alre.ady fixed on, bay down its length on the 
pencil line, .and the point A will be determined ; similarly, determine the points B, 
C, D, E, and F ; join them as shown in the figure, and the plan of the field will be 

completed. . , , , ,, . , 

18. Problem V. To traverse with the plane-table, svith or without a 

compass. (Figs. 405, 407.) 

Set up the instrument at A {see Pig. 405). "db the compass if it h.as one, 
otherwise do so roughly with the band, so as to have the edges of the board 
approximately in the directions N, S, E, and W, respectively ; then screw the board 
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Put up flags at all the stations. Make a mark in some convenient part of 
the paper to reprc'^ent station A, put a pin into this mark and apply one edge of 
the index-rule against it, and turn the ruler round till the sights are in a direct line 
with the flag at 1 ^> ; then draw a line from A in the direction of P ; measure the 
distance between A and P with a (diain or perambulator, and plot it from the scale 
of the map, thus determining P ; similarly, get the dir(?ction of G and fix it on the 
paper. Again remove the table to station B ; put a pin in this point, apply one 
edge of the index-rule against it and lay this edge along the pemdl line PA, and 
turn the board round till the sights are in a direct line with the flag at A ; screw 
the board tight, and the instrument is ready to work with ; it bidng borne in mind 
that if the compass was used, it would act only as a c'heck on the work. Now 
turn the ind(‘x-rule round till the sights are directed to the flag at C, and draw a 
pencil line indicating its direction; measures the distance between R and C, and 
lay it off from the scale, as befor(^; thus C will have become determined. In this 
manntT proceed from station to station till the starting-point A is arrived at. 

While carrying on a traverse, offsets can be taken to the bends of roads, corners 
of houses, tanks, (‘tc.; besides any remarkable objects can be fixed by their direc¬ 
tions being taken from tw’o or more stations, such as the pagoda in tlu^ figure, 
which has been fixed by intersections from the stations A, P, and C. It should 
be remembered that in plotting generally, when a point has been fixed by inter¬ 
sections from 3 or more stations, if the lines drawai from them do not exactly 
meet in a point, but form a littb* triangle as in (Fig. 407), it is usual to prick 
a hole in the centre of this little triangle to d('note the point intersected ; that 
is to say, if the error is not yevy considerable and tlu^ point is not of suflicient 
importance to re-do tht^ work. 

19. Problem \ \. To fix a plane-table in posilion at an nnhnotion point 
X, by means of three points A, />’, C, svhose positions are laid dozvn on the plane- 
table, and represented by a, c, respectively, (Figs. 447—449.) 

Fix a pin in the point b (see Fig. 475) on the plane-table, and placing the 
index-rule against it and the point r/, with the objt.xt and sight towards r/; turn 
the table about, until the point A is intcrsccU^d ; then clamp the table in this posi¬ 
tion, turn the index-rule and intersect the point C with the edge of the ruler still 
against the pin at b, and draw the line bni ; now removi? the pin to the point a, 
and unclamp the table; place the index-rule against the pin at a and the point 
and turn about thc^ table until th(‘ point B (see Fig. 448) is intersected; clamp 
the table again and having int(‘rscc;cd tin* point C as before, draw the line an 
through the intersection p of the lines an and bin; draw the Wuc cp(/ passing 
through the point c ; and placing the edg(‘ of thi‘ index-rule against this line, 
unclamp the table once mon!, and turn it about until the point e {see Fig. 449) is 
intersected ; now clamp the' tabU\ and it will l)(i in position, and the unknowm 
point X w^ill be situated on the line rp(/] to find this point it is merely necessary 
to intersect either of the points, as A, and draw the line Aax, and the accuracy 
of the operation is tested by intersecting the other point B and draw-ing the line 
P6x', which should intersect the line Aax on the line cpq, thus giving the position of 
A' on this line. When the i)oint [c, with regard to the point a, is situated on the 
other side of the line AP, or below it, the lines an and bni will intersect on the 
opposite side of the line ab to that on which c is; and if the point A' be .situated 
within the triangle ABC, thi'sc lines an and bm will diverge instead of converge, in 
which case they must be prolonged in tin* opposite direction until they intersect 
at the point p. The accuracy of the result depends on the length of the line cp* 

% 

CONTOURING. 

20. Contouring DREINI^D. Contouring means tracing on the surface of the 
ground horizontal lines, with a fixed vertical height, and is, in fact, another species 

OBSERVATION. 

•The above problem b)r fixlnpf an unknown station, by observations thereat, to three known ones, i.s 
only applicable to rcconn(iisance, and totally inadmissible for accurate surveying. 
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of levelling. The positions of those horizontal lines are surveyed and protracted on 
a map, in the same way as any other boundary lin(^s. Contour lines give a 
perfect delineation of tlie ground, but the process is a tedious and (‘xpensive one. 

21. Wlli\Ki<: r:MiM.()vi:D. Contour lines are either traccnl round isolated 
features of ground for dedgriing plans for drainage, buildings, or other engineering 
purposes, when the ('orrcM't features and l(;vels of the country are required to be seen 
at a glance, or over a whole tract of (‘ountrv in connc'ction with some* ext(*nsive survey. 

22. Plans, (bigs. 362,359,498). (Fig. 49S) represents the contoured 
top of a hill, the figure bedow an elevation, parallel to the line AB. Thtm each 
of [hit liiKLS in the plan would be seen in elevation as follows :— nbrt/ as ar ; 

as eg ; k/;u/ as /v/ ; and the t(q') as />; the vertical hi*ights between a and c, e 
and /’ ; being all equal, sav, i, 5, 10, or more feet apart as circumstances n^quinx 
It will b(* seen that the stc^eper the hill is, the nearer th(^ contour lines approach 
each other in tla? plan. (Fig. 362) is an (‘xample of an isolated hill, illustrating 
the prim'iples of ('(mt<mring; the section in anv other diriM'tion as CD can be given 
at onc(L (Fig. 359) is an example of a supposed imwe e\t(msive clistiict, and 
that other contours are int(‘rpolat(Hl /)v the eve, which can be done with gre«'U 
accuracy wlu^re th(a*e is so much fixed data. 

23. IIii.i. siiAniNG. (Fig. 490.) As above stated, ground can be represen¬ 

ted by means of ('ontour lini's on its suiface, at anv given vcrtic'al intervals apart ; 
but tliese lin ‘s only furnish information n'garding the surface of ground represen¬ 
ted, at the exact points wh('r(‘ the line or contour passes ; hence irregularities of 
ground whi('h take placti bigwcssi any two succ'essivt^ contours, of which the con¬ 
tours cannot possibly giv(; anv information as ihev do not pass through them, are 
shown by wdiat is tia nual hill shading.” Another object of hill shading is to repre- 
sent the surface of ground bv nutans of sliadlng, in sindi a ('onventional manner as 
shall without the assistaiu'c of ('ontours give tw’ery information coiK'crning it. By 
the latter method of hill shading, or cve contours, a general representation of the 
ground is only obtainable, while bv means of surveyed contours distinct accurac'y 
may be relied upon, 'fhe conventional method is obtained by a standard -tiuanecl 
a “ Scale of Shade”—set of marks or lines of different thickness, and differently 
spaced, according to the particular slope of the portion of ground to be nqua'sen- 
Icd. Th(' Figure shows the scale of the shadi* adopted in the 'ropographic.al Survey 
of India f ir filling in the features of ground between contours alrcadv fixed, for a 
scale of 6 inches to the mile, but it can be made u^(' of for any other scale by 
altering the horizontal interval over which the diHercMU haidiures extend for a given 
extent ot the corresponding slopes. It also illustrates on on(' side the* base con¬ 
tour lines and oi"; the other side the same tilled in bv th(^ of hill shading, 

hor further particulars on the subject of shading, see (Chap. \TI, Arts. 9 — 16). 

24. Si’rvkv of Hills. All |)ronuncnt pt'aks of high land falling within 
[hit an^a for survey should be first fix(‘d either by triangulation or sight-vane, and 
the requisite connections made by short traversi-s run wdierever necessary, from 
one knowai point to another, on th(‘ plane-table Measuriunents should be made 
up the .slopes of hills, wdierever required, and the contour lines drawai in for the 
scale of vertical intervals adopted for the survey,”'" the minor details being sketched 
in, based on the piincipal measurements, l^'or all ordinary purposes, it wall bt^ 
found convenient to determine the positions of the contour lines by short horizontal 
chain measurements, aided by a 7i-links or 5-fc(‘t rod, for surveys with 5, 10, 15, 
20 or 25 feet v(adical interval standards. The crests and feet of the hill ranges 
and their principal spurs should invariably be laid down in the first instance before 
the contour lines are attempted. 

25. MienioL) OF contowuing by surveyko contours. The 
method of tracing contours is thus performed. Drive long pickets, one at the top 
and another at the bottom of such slupes as best define the ground, particularly 
the ridge lines and water-courses, as they always have the most gradual and even 

C)nSKRV\TION. 

* The contour lines for iGinch mapsnrc iisii.ally .'esumednt l in lo, that is, with lo fe^t vertical irycrwils. 
Suitable contour intervals arc 50 icet for i-inch scale maps, and for other scales 

for 2-inch maps, 100 feet for J-inch maps, etc.; in ether words, the contour interval, in fid, would be 
the number of inches to a mile in the scale. 



no 


AID TO LAND-SURVEYING. 


slope. Run a line of levels down each, by means of a levelling Instrument or a 
theodolite (for the former, sre Chap. XV), fixing pegs at the point where each 
contour line (uossc^s it. Ab'a^ure the horizontal distaiu'es between the pegs ; 
next run an auxiliarv liia^ of leveU from a point in the line down one spur to some 
point similarly placed on the next spur, and so on ('onnect the wliole work. The 
reduced levels down eac'h spur having been tlnis connec'tcul, the relative heights 
and horizontal distance's of tlie contour p(\gs ol 3 tained, the work can be plotted on 
paper and the Irregular features of ground between the several contour lines 
sketchcid in as be'forti describt^d. 

26. Mor.NTAixors Ei'.ATrRKS HOW DRAWN. (Figs. 496, 497.) Moun¬ 
tainous features mav be drawn : ls7, by surveyed contours ; by eye contours, a 
modification of the first ; pgv/, bv vertical hatching; 4///, by shading with the brush 
In Indian ink, or some otlun* suitable tint. (Fig. 496) gives an idea of the mode of 
delineating ground by surveycal contours, but is so expensive that in no country 
is It adopted. Eve contours, sometimes called I he horizontal system of sketching, 
is an eye modiiication of contouring. The style is easv, light, effective, and 
affords great opportunity for artistic skill and is that adopted by the Topographical 
Survey Department of India, 'fhe vertical system, or hatching, starts by consi¬ 
dering the course a volume of watcu*, equally disseminated from the top of a hill, 
would naturallv pursue In running down its sides, see (Fig. 497). In this .system 
the steepest sides have the shorter bases, and the dillcu'ent slopes are shaded 
darker or lightiu- according as thev are steep or gcmlle. In shading with a brush 
the same principle of light and shade* is observed. 

27. 'fine “ Wa'i 1 :r-Ei:vhi. ’’ r.siei) for ( oxronRiNO. The water-level ” 
described in (Chap. X\b Art. 44) is an instrum(*nt well adapted for contouring 
where a rapid dcTineation of country is an objcM't freqiuMitly of gr(*ater importance 
than accuracy, its best re('omm(.‘ndation being the facility with which it can be 
made and requiring no adjustment when using it. 

2(S. Till- Clixomici 5^9 j 

{o') Hill shading. In hill shading constant vertical intervals cannot be used 
when the horizontal hachurers annntended in serve the doublt* purpose of shade lines 
and Contour lines ; bui a svslem of veitical intervals increasing with the angle of slope 
mav be introduced, if ac('ompanicd with sulhcient vailations in the thickness of the 
shade lines, to indicate the value of tlu* vertical intei val which each line is intended 
to represent. Two tables are given specifying tin* vertical intervals in feet, the 
number of shade-contour lines in an inch, th(^ thickness of these lir.es, and the 
breadtii of the white spa('es betw(H*n tluan, for (iv(^ governing angl(‘s of slope, namely, 
5", 25'", and qs""; thc'se two tables difha* nu'rely in that the s(*cond gives 

greater vcutical intei vals and breadths of whit(! spaces than llui first, and is thus 
more easy to carry out in practice*. 

On comparing the (dInometric shade-scale, shown in the Figure, with some of 
the latest and best specimens of hill shading on the i-imdi topographical maps, it 
appears that the gradation in the depth of shade for the several governing angles 
of slope* is well suited for the purpose of conve-ying a coriect general idea of the 
actual magnitudes of the angles of slope ; and that a more faithful and intelligible 
(hdinealion of the ground will be prodiK'ed by draftsmen of average ability if tht:y 
adopted this sc'ale of shade, than if th(‘y invariably folliiwcd their individual fancies. 

'fhe plan(.*-tabler should invariably lay down the crests and fe.T of the hill 
ranges and tlieir priiKupal spurs, in tlie first instance ; he should then draw the 
shade lines^ as indicated by the scale, measuiing the aiygle of slope with the 
clinometer, wdien(‘ver possible, othi'rwise estimating it by the eye. 

(h) Delineation of broken ground. Much dilficulty is usually experienced 
in distinguishing betw’cen the lower hill ranges and the broken ground which is 
ordinarily met w'ith at th(*ir feet, and w’hich also occurs on the banks of most of the 
principal rivers and w’at(*r-courses in India and I^urma. T he custom is very 
gcneraMy followed of delineating such ground by horizontal hachurcs ; thus in many 
cases it is probable that none but the surveyors themselves could point out wdiich 
of their hachurcs indicate the broken ground, and which the actual hills. It is 

01iSLRV.\TIO\. 

♦ R.xtracts from a Circul.xr Order of the Survey of India. 
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desirable therefore to make a mark( d distinction between these two predominant 
features of the around wliich shall readily catch even an untutoicd eye, by em¬ 
ploying short vertical hacliures—of a length coriespnnding to the base, and a thick¬ 
ness corresponding to the angle cf slope—to indicate the banks of ravines and 
broken ground generally, and even to show isolated hiPs which cover so small a 
space on the ground that they cannot be delineated on the i-inch scale by less 
than 3 or 4 horizontal shade-lines. 

It is not d(.‘sirab’e to lay d jwn a definite height above the general ground- 
level at which the vertical s} stem should [)as.s into the horizontal ; that is a matter 
which must be le ft to the diserdion of the survt^yor. Obviously the long slopes 
of gently undulating ground should be indicated, not by vertical touches, but by 
horizontal hachures, the finest that can possibly be drawn, their distances apart 
being regulated by those of the slopes from to io° in the scale of shade given 
in the hh’gure. Bat it may be laid down as a broad rule that vertical toiudies 
should be employed for the minor fi;atures of the ground, horizontal lines for the 
major features and slopes up to 50'^ or 60*^, and strong vertical hachures for all 
scarps of hill and mountain rangt's which approach the perpendicular. Thus ver¬ 
tical touches and hachures may be employed for the two extremes of the scale of 
shade, and horizontal lines of varying thickness for all that is intermediate bctw’cen 
these extremes. 

(c) Delcrmiuation of approximate heights. However skilfully a map may 
be shaded, it should still be supplied Avith a sulllciency of determinations of height 
to enable the more important dilfercnccs of level, and alternations of ground relief, 
to be readily ascertained with fairly a[)i)roximate accuiacy from the numerical 
data on the map, instead of being estimated froin an examination of tin* variations 
in the depth of shade. In fact a map whic'h has many heights, but is badly shaded, 
may be much more useful than one Avhich has fiwv heights and is well shaded. 
Such determinations of height may be of much value even when they are not 
exact, but only approximate ; if the errors are not more than i or 2 per cent, of 
the range betw'een the highest and lowest points on the map, the determinations 
will give a fairly exact idea of the actual configuration of the ground, which may 
be of much service for engineering and military purposes, provided that the pre¬ 
caution is taken of indicating that they are approximate only, by so printing them 
on the map as to distinguish them from the more exact values. 

With a view therefore to enable a number of apprc>ximatc heights to be 
readily detennined by the plane-tablers, a scale of 5,280 feet to i inch, and a table of 
tangents, have been drawn on the clinometric shade-scale. Thus the plane-tabler, 
having measured at any station the angle of cUwation or depression of any 
contiguous point of which the height has already bc(m dctcu'mined by triangulation 
(wath a theodolite), has only to measure the distance in feet of his station from 
the point in question off the plane-table, and multiply that distance by the tan¬ 
gent of the angle of elevation or depression to dettu'minc the difference of level 
and then deduce the height of his station. As the angle cannot be measured 
within much less than 15 minutes of the truth by the clinometer, and the error in 
height corresponding to that angle i^ nearly = 0*005 X distance in feet, much 
accuracy is not to be expected ; but when the points ani not far off and two or 
three are observed and the mean is taken, the result w'ould probably not be more 
than 50 to 100 feet In error, and in a hilly country it is much better to have a 
value of height Avith no greater error than this than to have no value at all. 

Plane-tablers should calculate their heights on the spot, as the values may 
fiequently be serviceable, aitling them to delineate the features of the ground Avith 
due attention to the relief. But they should also enter the values of the observed 
angles and adopted distances in their note-books, in order that the calculations 
may be subsequently checked and verified. The stations Avhose heights are thus 
determined should be shoAvn on the maps by a dot only, and the heights should 
be given in smaller figures than usual, with the letters ap, written after them, to 
indicate that they are approximate. 

In forest-clad tracts of country the points of the Trigonometrical Survey of 
India are rarely seen. Still, wherever the ground is hilly or undulating and 
presents many marked variatiors of level, a knowledge of these variations is a 
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fh\si(k‘ratiim of import;inc(\ and surveyors arc iincloublcdly expected to supply it. 
Much may probably bti done in this ^vay by clinometer readini^s at plane-table 
stations so selei'ted as to be mutually visible in succession, nanndy, tlie 2nd from 
the ist, the height of which has be(‘n fixed by obscavations to surrounding trigo¬ 
nometrical stations, the 3rd from the 2nd, and so on. At each station it will be 
necessary to place a man \\itli a llag-staff, or to build a cairn of stones, for obser¬ 
vation at the next station, but this ('an be n.xidily managed. As a matter of pre¬ 
caution, how(na‘r, all such liiKxs of (what may be called) clinometia* hwels should 
be chc^cked by being made to close at a plane-table station of which the height is 
well fixed by obseiTations to surrounding trigonometrical points. 

The points for which subsidiary heights are desirable are the following :— 

(1) Junctions of rivers and streams. 

(2) Junctions of rixids. 

(3) Crests of passes through hills and mountains. 

(4) Ferries. 

(5) Open and level or cultivated plateaux in hill tracts. 

(6) Dak bungalows. 


CHAPTER XII. 

The Pocket Sextant. 

1. U.SR OF TiiK Pocket Sextant. The Pocket Sextant reflecting 
instrument for m(?asuring the angle between two objects in either a horizontal or 
vertical plane, the reflected image of one object being brought to coincide with the 
other seen direct. It is generally employed in the filling in of plans. It is very 
portable, being a circular box 3 inches in diameter and It} inches d(i(?p, requires 
no other support than the hand, is easily adjusted, and can be used on the tops of 
trees and places where other instruments cannot bt.^ carried, during all weathers. 

2. Its descrip tion. (Fig. 451.) The poi'ket sextant is represented in the 
Figunx I is the index-ann^ c'arrying a vernier V at onci end, which enables min¬ 
utes to be read ; L is the ///;//; graduated to half-degrec‘S, which is numbered to 140® 
only, as the sextant will not measure an angle grcxiter than about 125^ ; the index- 
arm is moved by a milled-h(\ad screw X ; a and b are the key-holes for adjust¬ 
ing the horizontal glass, into each of which the adjusting key Y, removable at 
pleasure, fit.s ; T is the telescope which can be pushed into the box when not in 
use. 'fwo mirrors (not seen in the Figure) are placed inside ; the larger one, or 
index-mirror, is fixed to, and moves with, the index ; the smaller one, called the 
horizon glass, only halt of its surface silvered. Between these are placed two 
dark glasses for intercepting the sun’s rays, which sink out of the way by raising 
two little levers at /. The telescope is also provided with a dark glass for observ¬ 
ing the sun, which can be fitted on to its eye-end or removed at will. 

3. The ADJUSTMEN'TS. ddie instrument is in adjustment when, the indc'X 
being at zero, tlie index-mirror and horizon-glass are parallel to each other. To 
lest this, unscrew the t(.lescop(? clean out of its box, set the index at zero, apply 
your eye at the eye-hole and look through the unsilvered part of the horizoivgla.ss 
at some well-defined object, as the corner of a house or a flagstaff, over haif a mite 
distant. If the reflected images of the sidcctcd object in the horizon-glass coincides 
with the object scim direct, the adjustment is perfect; otherwise, the coincidence 
must be effected by moving the index-arm and in-^erting the adjusting key in 
the key-hole on the top of tlie instrument, when it is required to move the 
image up or down, and in the key-hole at the side, when the image is required to 
be moved to the right or hdt, and turning it the screw or unscrew motion, as neces¬ 
sary. Another manner of satisfying oneself as to the adjustments is by setting 
the index to zero, placing the dark glass before the cyc-end of the telescope, and 
looking through it at the sun, of which, if only one perfect orb is seen, the instru¬ 
ment is in exact adjustment; but if the reflected image project beyond the other, 
the coincidence must be effected by the adjusting key, as before described. 

4. To MEASURE HORIZONTAL ANGLES. To obtain the angle subtended 
by two objects in, or nearly in, the same horiccontal plane^ hold the sextant 
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horizontally in the left hand, look through the t(il(.‘scope, and by turning the milled- 
hcad X with the right hand, bring the reflected image of the right band object 
into coincidenc'c with the direc't iinagti of tlie hdt hand object, and the reading of 
the vernier will give the horizontal angle between the two objects to the nearest 
minute. 

5. To MEASURE VI'RTICAL AxXGl.KS. To obtain the angle subtended by 
two objects in, or nearly in, the same vertical plane, hold the sextant vertically 
In the right hand, and by turning the nhlled-htxid X with the left hand, bring 
down the image of the upper obj(ict till it exactly coincides with the direct image 
of the lower object, and the Heading of the vernier will give the vertical angle 
betw^een the two objimts to the lavirest minute. 

6 . The lid and dark glasses. When the sextant is to be used, the 
lid, D, of th(" box is taken off imd screwtal to the bottom, wher(^ it forms a con- 
veni(*nt handl(‘. Previous to observing horizontal or vertical angles, the levers of 
the dark glasses should be raised. In observations for altitude, when tlie sun is 
the object observed, tin: dark glasses would come into use, but wlien a star is 
taken no shade will be required. 

7. Parallax. TIk? parallax of tlie instrument is th(.‘ angle subtended by 

the point of vision and centre of the index-mirror, oct'asiomal by the necessity of 
placing the eye of the observer on one side of the index-mirror. There would be 
no parallax if we could look from the middle of the index-mirror. Parallax is 
perceptible when the object observed is near—within half a mile—hence, the neces¬ 
sity of observing only to objects over half a mile but at a quarter of a 

mile tliis error is very trilling, and hence objects situated at that distance from 
the observer may be obscrvecl to. 

8 . OliJEC'iToNS TO Sexi'AX'I'. d'he chief and indeed only objection to 
the sextant as a surveying instrument, arises from the angles taken with it not 
being ahvays like those measured by the theodolite and compass, horizontal ones, 
but inclined ones. It is used rather for surveying than astronomical purposes, 
though, in conjunction wdth an artificial horizon, it becomes valuable for obtain¬ 
ing solar time, or the latitude. 

9. AR'III'ICIAL Horizon, (I"ig. 210.) 'fhe artificial horizon Is a reflec¬ 
tor, the surface of w hich is p(‘i fcctly horizontal ; it is used in combination with 
thi; sextant for observing altitudcjs. The one in most common use, as w'cll as 
the best, consists of a small shallow wooden trough containing pure, clean quick¬ 
silverw'hich reflects the image of a celestial body. This is protected from the 
action of the w'Ind by a roof, the two sloping sides (wdiose surfaces must be 
absolutely parallel) of wdiich are made of plate glass accurately ground to true 
planes. The whole is packed in a small box with a vessel containing quicksilver 
ready for use. 

10. t Method oe observing for Altitude. In observing the 
altitude of the sun or a star with a sextant and an artificial horizon, the ivoo images 
are brought into contact on the surface of the mercury, and the angle observed is 
double the angle of elevation above the sensiWe horizon. The observer has to 
place himself in a situation to see the rcllccted image of the sun, or other body, in 
the fluid; and he has then to bring dow^n the image, as reflected from the index- 
glass, until it reaches its rclleclion in the fluid. The altitude will then be half 
the number of degrees, indicated by the graduated arc, subject to certain correc¬ 
tions for scml-diamcter and paraPax (for the sun), and for refraction (for the sun 
or star).]: When the loieer limbs of tlie .sun are in apparent contact, the image 
reflected from the index-glass appears uppermost; when the upper limb, of course 
the reverse. § 


oii.sk;V\'I 

* Oil, t.ir, or treacle wouM answer the pm pose in place of mercury, but would m t give .so clear an 
Image, 

t The astronomical terms made use of In tins Artiilc arc expl.iincd in Chapter XV L 

J The corre( ti()ns for semi-diami tcr, p.uallax, and rcir.u ti^n arc rC'^pectivcly given In 1 iblcs XL, 
XXXLX and XXXVIH of the " Cakulatmg dablos ” (-,lh edition). 

§ W'hen the contact is formed at the /eiurr Innb. the images will separate shoi lly after the contact has 
been made, if the altitude be increasing \ but if the altitude; be decreasing, they will begin to overlap. 
When the rontset is formed at the upler limb, the revi rse takes pl.acc. If the observer Is in doubt as to 
which limb he has been observing, he should watch the tbjtcl lor a slujil time .ifter he has made the 
observation, 

15 
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Example : 

Observed anjde 

Apparent altiliuU^ of sun\s lower limb 

Sun’s seini-diaineter * 

,, parallax * 

Refraction * 

True altitude of sun’s centre 

11. PrINCIPI.K of construction of sextant. (iMiJ. 357.) The 
principle of the constriu'tion of the sextant may be leathered from the following 
demonstration c - Let A 1 U 3 r(‘pn‘sent a s(‘xtant, having an ind(‘X AG (to which 
is attached a mirror at A) moveabh* about A as a centres, and demoting the angle 
it has mov(?d through on the arc l>C : also let the half-silvered (or horizon) glass 
ab be fixi^d ])arallel te AC ; now a ray of light SA, from a celestial object S 
impinging against the mirror A, is relLa'tcd off at an equal angle, and striking the 
half-silvered glass at D, is again ndlected to K, wheia^ the eye likewis(^ rec'eives, 
through the transparent part of that glass, a direct ray from the horizon. Then 
the altitude SAH is equal to double the angle CAG nu‘asurt‘d upon the limb 
HC of the instrument. I'or, the ladlected angle ILAG (or DAF) = the incident 
angle SAI, and the r(dle('ted angle /d)K ~ tlie incid(‘nt angle i'/DA = DAE 
DEA, because db is parallel to AC. Now, IIAI =: DhAV =: (IC\E + h'lG\), and 
DAK being equal to DEA, it follows that IIAI =1 (DAK + IC\E). From HAI 
and (DAl^ + FAl^) takti the (‘qual angles SAI and DAh', and tluTc remains SAH 
= 2 FAE or ::GAC ; or, in otlua* words, the angle of elevation SAH is equal to 
double the angle of iiu'linatioii of the two mirrors, DGA being (T|ual to GAC. 
Hence the arc on the limb 1 .UL although only the sixth part of a circle, is divided 
as if it were ico^ on account of its double being required as the measure of CAB, 
and it is gentM'ally extended to 

12. ' PRiNt'ipi !•: OF Artificial Horizon. (Fig. 35S.) The following 
explanation will illustrate the principle of the artificial horizon, and the method of 
observing altitudes with it Let AB represent tlui surface of the quicksilver 
contained in a wooden trough whose plane is continued to C ; DEF the roof, 
in w'hich are fixed two plates of glass L)E and IH", w'hose surfactis are plane and 
parallel to each other, and O the sun at S, whose altitude is required. Now’ the 
ray SH, proceeding from the sun’s lowor limb to the surface of the quicksilver, 
will be ri flected thence to tin? eye in the direction of IIG, and the upper limb of 
the sun’s image, reflected from the quick^ilver, will appear in the line GH, con¬ 
tinued to Iv ; and it is a wc-ll-known ])nnci|)le in optics that tlie angle of incidence, 
SHA or sue, is equal to the angle.* of rc'flection GHB ; and as the angle AHR or 
CIIR is tlu^ opposite angle of GHB, it is therefore equal to it, and to the angle 
SHC, the altitude of the Mufs low'er limb above the horizontal plane; so that, 
supposing the angle SHR, measured by a s(‘xtant, to be 80’, the altitude of the 
sun’s low’cr limb wall then be 40^, subject to the corrections mentioned in Art. 10. 

CHAPTER XHL 
Theodolite Surveying. 

1. HorizonTAI. CiRCLi': DefinfT). The horimdal circle is a circle 
W'hose plane is a tangent to the (.-artli at the place of the spectator. 

2. HorizuNTAI. Ancle deeinM). (I'ig. 393.) k horiaonial angle \s 
the angle formed by the inelination 'of two straight lines in the plane of the 
horizontal circle, or in one parallel thereto, which meet in its centre, as ACB. 

3. VI':rtic.vl CiRCLi': nia* inei). k vcriical circle is a great circle of the 
sphere which passes through the zenith and nadir of a place, and is consequently 
at right angles to tlu.* horizontal circle. 

()IJ.SKR\ A J I()X. 

* The ct^rrcLtlun for scml-diamf kr is -f ir — .I'-cording as the or uf^per limb of the sun has been 

observed. '1 ho con eel ion foi porall.'i'c is al\va>s addili-ve, and that for n'fi action substractiie. An observa* 
tion of a star ic^u res no corictliun for cither semi-diameter or parallax. 


= 116° 29' 20" 

= 58 14 40 

= + 16 18 

= 4* 00 05 

= — 00 36 

= 57 58 53' 
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4. Vertical Angle defined. (Fig. 394.) A vertical angle Is the 
angle formed by the inclination of two straight lines in the plane of the vertical 
circle which meet in Its centre, as ACB. 

5. Angle of Elevation defined. (Fig. 40S.) An angle of elevation is 
an angle which an object makes with the horizon above It at the place of the observer, 
as ACB. 

6. Angle of Depression defined. (Fig. 409.) kx\ angle of depres- 
sion is an angle which an object makes with the horizon below it at the place of 
the observer, as ACB. 

7. Theodolite defined. The theodolite is a most Important surveying 
Instrument used for measuring liorlzontal and vertical angles. 

8. How Theodolites ark characterizI'D. Theodolites are of various 
constructions and dimensions and are characterized according to the diameters of 
their horizontal circles ; for instance, a theodolite the diameter of wliose horizontal 
circle is 5 Inches, is called a 5-inch theodolite, and so on. 

9. 'The Theodolites in general use. The theodolites generary used 
are the 5 » 7i 8, 12 and 14-Inch theodolites, depending entirely upon the degree of 
accuracy required, the readings of the graduated circles of which are read by 
means of verniers* 

10. Vjg^NIER defined. The vernier is a contrivance invented by a 
person named Peter Vernier,f and is attached to the graduated limb of an instru¬ 
ment for the purpose of measuring aliquot parts of the smallest spaces into which 
the Instrument is divided; it obtains this object by measuring the differences 
between the divisions of two approximating scales, one of which is fixed and called 
the primary scale, the other moveable and called the Vernie}\\ 

11. The principle oi- the \T:rnier. (Figs. 411,415.416.) Let It 
be suppos(‘d that the limb or graduated circle of the theodoliti' is divided to degrees 
and subdivided to half degrees or 30', as is usually the case with a 5-inch theodo¬ 
lite, such a one as T. Cooke and Son’s No. 112, wlfudi forms tin* special subject 
of this paper. Then any number of minutes less than 30' (tlie number of minutes 
in half a degree) is measured by the v(Tni(T scales which move along its edge. 
The length of a vernier scal(3 is made equal to 29 of the divisions on the limb or 
primary scale, and it is divided into 30 equal parts {see Fig. 411) ; there is conse¬ 
quently a difference in length of i minute biTween the scale on the limb and the 
vernier sc:de. Since 

30 vernier divisions = 29 half degrees = 870 minutes, 

o '9 ___ 

^ )) n iiO M )) — 29 }} 

therefore an angle is, by means of the vernier, capable of bedng read off to a single 
minute, although the limb is graduated to only half d(‘grees. In difftTent instru¬ 
ments verniers of various constructions are adapted to them; for instance, where 
the limb is divided to 10' and it is desired to read an angki to 10" by means 
of the vernier (see Fig. 415), or where the limb is divided to zo' and it is 
desired to read an angle to 20" by means of the vernier (see Fig. 416), in 
both cases 59 divisions of the limb arc equal to 60 divisions of the vernier. 
To take another instance: where the limb is divided to 20' and it is desired 

OBSERVATIONS. 

♦ On many of the larger surveying and astronomical instruments, where the angle is desired to be read 
to a greater degree of minuteness than is attainable with the aid of the vernier, the v<Tnior is superseded by 
the reading microscope. It may not therefore be out of place here to briefly describe (without the aid of a 
diagram) this appliance, though vernier instruments, from the fact of their being in general use for ordinary 
survey operations, arc what are chiefly dc.alt with in this chapter. It, then, consists of a micro.scope of 
moderate power with a system of cro.ss-wires at the roinmon focus of the objective and cye-picre. The 
wires are fitted in a frame which can be made to travel across the field of view liy a micrometer screw. For 
recording the position of the wires there is a coTnd in the fit Id of view, one tooth of which corresponds to a 
turn of the micrometer screw, and the parts of a turn are read by graduations on the head of the screw. If 
the circle to be read is graduated into spaces of it i‘i usual to so arrange the machine that five turns of 
the screw carry the wires over the space of one divisitni. One turn of the screw will therefore move the wire 
through a space of one minute, and as the screw head is divided into 6o parts, the seconds on it c.an be easily 
read while the decimals may be estimated. In taking a reading, the moverdilc wire is set exactly on the 
division of the scale next the zero of tht; comb; then the number of teeth from zero give the number of 
minutes, and the reading of the screw head gives the number of seconds and decimals. 

t Peter Vernier lived in France .about the year 

X In s me instances it is the contrary, as in the vertical circles of theodolites, where the vernier is fixed 
and the primary scale moveable. 
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to read an angle to 30" by means of the vernier, 39 divisions on the limb 
will be equal to 40 divisions on the vernier, and so on for other instruments 
depending upon the manner their limbs an* graduated and the number of minutes 
or seconds tlie angles are souglit to be read.* Generally, if a be the are measure 
of one division on the limb, and the unitcal distance of n such divisions bo taken 

off on the vernier, then one division on limb— one division on vernier =:_ 

n + I 

arc. 

!2. IIOKizONT.vt. LIMR GR.VDU.vnoNS. (Fig. 410.) The horizontal limb 
of every theodolite is a eomplet(; circle gradu;it(!d from o to 360 degrees, and 
conceiving one.self to bo standing within this circle, they would appear increasing 
from left to right. In a 5" theodolite the graduations arc at every half de<'ree. 
Every tenth degree is marked by figures, every fifth degrt-e by a dot, evi-ry degree 
by a long line, and every half di;gree by a short line. "The 0° is termed the zero 
of the limb. 

13. Vernier GRADU.VTIONS. There are 30 divisions on the vernier 
beginning at the arrow, hivery tenth minute is marked by figures, every fifth 
minute by a dot, and every minute by a short line. Tlie arrow is termed the zero 
of the vernier. 

14. 1 ‘iRRORS OK INSTRUMENT, EVE, AND OltSERVATION. Since there 
is nothing perfect in this world, the graduations on the limb of a theodolite are 
not perfect, and although apparently so, yet, in fact, are not so. These errors, 
however trifling, are known as errors of instrument. Similarly the eye of man is 
not perfect, hence in reading an angle on the limb we are liable to errors, however 
small, and such are known as errors of <we. So also as regards the inter¬ 
sections of objects with the instrument; several causes tend to throw the inter¬ 
sections out, however little, and these errors arc technically termed errors of 
observation. 

15. Errors of instrument, Kvit, ,\nd orserv,\tion ei.i.minated. 

(Figs. 410, 414.) Errors of instrument, < ye, and observation ;ire done away with] 
so far as is in the power of man, to a certain e.xtent by angles being read on 
different parts of the limb, on both faces (as hereinafter explained), and a repeti¬ 
tion of observations, and a mean of all taken for the most probable correct value. 
To illustrate the principle of taking me:ms; if the length of a compound was 
measured once and found to be feet, .and when measured a second time was 

35*4’ ^ feet, it IS e\idcnt the both me.isurcmcnts canneit be correct, hence a mean 

of the tt\o, or ^ 3aa 7 feet, is the more probable correct value; and 

the oftener the distance is measured, and the mean of all t.aken, so much more 
likely is the resu't to be the true dist.ince. Consequently .an .amde is read on 
three parts of the limb at each observation by three verniers, marked A B and 
C, each 120'’ .apart from the other, and the mean thereof taken for the'correct 
angle. The degrees of the vernier A only are read, but the minutes and seconds 
of A, B, and C. If the graduation.s of the limb and the verniers were f.aultiess 
vernier A would read o'" 00' 00", vernier B 120° 00' 00", and vernier C 240" 00' 00" 
{see Fig. 410) ; but as f.aults there must be, small differences do exist, as in (Fig. 
414), where the readings of the verniers are as follows :—• ‘ 

Vernier A = 167° 51' 00" 

„ B = 52 00 

„ C = 51 30 

The mean of which therefore = 167 51 30 

16. The Index. (Fig. 411.) The .arrow on the vernier is called the 

and points to the reading of the angle on the limb; for instance in the 

Figure it points exactly to 360°, therefore the reading is 0°. ' 


OBSERVATION. 

• In general to read to the «th part of a sc.ale division in surveying and astronomieal instruments, 
n divisions of the veinier nuis eipial „ _ , divisions on the limb. The sc.ale and vernier divisions it mnv S 
noted arc read in similar, and not contrary, directions. * ^ ^ 
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17. To OBTAIN THE READING ON THE LIMB. (Figs. 411—414.) If 
the index should not cut any of the divisions, that is, any of tlie lines representing 
degrees and half d(\gr('(?s of the limb, then make a note of tlu^ number of degrees 
it has passed, and look along the vernier and observe which of its lines coincides 
(only one being able to do so) with oni^ of the lines on the limb ; and the number of 
divisions on the vernier scale, from zero to where siudi coim ldence occurs, are so 
many minutt-s to be addinl to tin? d(‘grees mid half d(‘gr(?es already notc^d down, for 
the required reading. If none of the lim's of tlu.' vernier and limb coincide, the 
number of seconds or half of a vernier division, namely, 30", must be estimated by 
the eye on that portion of the vernier wlierc two adjac'ent lines on it ver)^ nearly 
coincide walli two corresponding lines on the limb; vide \’ernier C in (hig. 414). 
In (Fig. 411) the index points to zero of the limb ; the reading thenedore is o ’ 00' 00"; 
again, suppose the index of the vernica* to be in the situation shown in (Fig. 412), 
or a little beyond 40', then the reading wmiild be 40 di'grees and soiru? minutes, 
and these some minutt^s will Ix' found by running the eyc^ from the arrow along the 
divisions of the vernier to S('e whieh oik; of them ('oincides with a division on the 
limb, the loth line is so found, hence tlu; reading w'ill be' 40’ plus 10' or 40^ 10". 
In (Fig. 413) the index is beyond the 30' division of the limb and the tenth line of 
the vernier coincides with a liiK* of the limb, the reading th(‘reforc will be 40'^ 30' 
plus 10' or 40*^ 40'. 

18. liXAMCLKS IN READING HORIZONTAL VICKNII-RS. (I\^S. 415, 

4 ^ 6 .) 

1. Required th(' reading of the vernier in (log. 415), where tlu; limb is 

divided to to' and the V(*riiier to 10". Aus. : 68° 25' 40". 

2. Find the Reading of tlu; vernier in (Fig. 416), wIuuh' the limb is divided 

to 20' and the vt'rni(‘r to 20". Ans. : 320° 46' 20". 

29. VIOMICAL LIMB GRADUATIONS. (Figs. 417, 41S, 4:0.) The gra¬ 
duations of the v('rli('al limbs of theodolites vary in dc'seription just as tluar Iiorizon- 
tal limbs ; those of Cooke and Son’s 5" an; graduated to half degrees. In some 
theodolites, as transits, the V(Tti('al circk's an' complete, but in the generality of 
tlumi they are only segments of the circk; (.vcc Fig, 417), these being found suffi¬ 
cient for all practiced purposes. 'Fhe mi'thod of numbi ring the vt'i'tii'al arcs 
diffm's from tin; horizontal ; each of tin; two s(‘gmcnts has its zero in the middle, 
from which, l)oth towards the top and bottom, th(‘ (k'grees are n;ckoned. The 
segments are atta('h(Ml to the tek'scop(; and mov(‘ with it. livery tenth degree 
on tin; limb is numbered, evc'iy lifth degna; denoted by a dot, eveny degree by a 
long line, and every half di'grei; or 30 minutes by a short line. 'Fhen^ is a long 
horizontal arm whu'h carrii^s a vernier at eitlu'r end for tin; purpose; of naading the 
vertical angles on the two segnumts, to llie ix'arest minutt\ d hese vcuaiicrs ai*c 
called A and B (or G and II), and are in every way similarly constructed to the 
horizontal venmiers, except that a difference exists bedween their methods of num¬ 
bering and that they are 18(T apart. In both cases the; numerals wall be found 
marked at every tenth minute, but in the casi‘ of th(' vertical verniers tlien; appixir 
twx) sets of numbers {sre Fig, 420), such that the sum of the two numerals at any 
given line is always equal to 30. The internal nuinbms or those neart'st tlie 
transit axis, are intended for nxiding depressions on face left, and elevations on 
face right; and the extc'rnal numbers or those farthest from the transit axis, are 
intended for reading (devations on face left, and depn^ssioiis on face right. ^ But 
the observer may readily decide for himself by this Rule, the truth of which Is 
apparent. In any given position of the vertical circle, adopt that set of numbers 
on the vernier which increase in the direction from tlu; zero on the limb towards 
the zero on the vernier. Thus let the instrument be pointing to an elevation {see 
Fig. 418). Then 0° on the limb at the object end of the telescope wall be above 
the zero on the vernier B, and the direction from the former towards the latter 
is a downward direction; wdience that set of numbers should be adopted W'hich 
increases numerically in a dowmvard progn;ss, namely, the external numbers. 
So also with vernier A, the external numbers must be employed. Thus vernier 
B= 7° 13' 00" and vernier A = 7° 12' 00". 

20. Direction or horizon. The arm carrying the vertical verniers is 
a fixture, and does not move wath the telescope like the segments. The zeros or 
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Indices of the vertical verniers A and B show the direction of the horizon when 
the instrument is level. 

21. Kle\'ation and Depression. When the zero of the vertical limb 
to the object end of the telescope is above the index of its vernier, the angle 
formed by the direction of the telescope and the horizon is an angle of elevation ; 
and when the zero is bcloiv the index, the angle formed is an angle of depression, 

22. \"r:RTiCAl. Indices. (Fig. 4itS.j The indices of the vertical verniers 
point out the number of degrees of the angle on the limb, and are reckoned from 
the zero on the limb; in other ways they an? read like the horizontal verniers ; for 
instance, in the Figure the reading on the limb as denoted by the index of vernier 
H is 7 ’ and that on the vernier 13'; therefore the angle is E. f 13'; and so vernier 
A is f plus \2 or f 12'. In recording the readings of the two verniers, the 
degrees of A are only to be put down and the minutes and seconds of both A and 
13 , the mean of which is taken for the corrcict angle. 

23. Examples in reading vertical verniers. (Figs. 418, 419, 
421,422.) 

1. Read the verni(M*s A and B on face left of the instrument, (i) in (Fig. 
418), and (ii) in (Fig. 419). 

Ans. : (i) A = E. 7^ 12' 00"; B = E. f 13' 00". 

(ii) A = D. 8" 40' 00"; H = D. 8" 39' 00". 

2. Read A and B on the face right, (i) in (Fig. 421), and (ii) in (Fig. 422). 

Ans. : (i) A E. 4" 2 s' 00"; B = E. 4" 23' 00". 

(ii) A = I). 16^^ 55' 00"; B = D. 16° 56' 30". 

24. Remarks on contents ok theodolite box. Suppose T. Cooke 
and Son’s 5-inch Theodolite No. 11 2 is in our possession. The instrument is in 
a box ii" X 9" X 10", packed for travelling. The first thing to he done by the 
Surv(.*yor is to open tht; box and carefully examine the position of the contents, 
making a note of tlui side the eyc-end and object-end of th(j telescope and the face 
of the instrument »are, by writing with pencil on the inside of the box, F^, O, and F 
on the respective sides of the eye-end, object-end, and face. By attending to this 
precaution accident to the instrument is avoided when putting it back into its case 
hereafter. Desid(\s the instrument the following will usually be found in the box : 

(1) Triangular Plate of the stand. 

(2) Magnetic Needle and a Mill-headed screw for fixing it to the telescope, 

(3) Plummet. 

(4) Direct Kye-piece. 

(5) Two dark glasses.^ 

(6) Two Turn-screws and a pin. 

Of these No. 4 is rarely used, for by reason of its four lenses, less light is 
refracted to the eye than with the Inverting Nye-picce, which contains only two 
lenses and is found attached to the tel(.‘Scope. 

25. Caution aCxAinst using force. Never employ violent force in 
the manipulation of a theodolite. Wdien a screw works stiff, or a slide cannot be 
moved, when the theodolite itself wall not settle into its appointed recesses for 
travelling, or the lid of the box does not close, and in every other similar case, be 
patient and let your movements be gentle. The great secret in handling an 
instrument is to learn to accpiire a delicate touch of the hand. 

26. The Stand. (Fig. 450.) Every theodolite possesses a three-legged 
stand upon which it is placed for observation. Stands are either moveable or 
fixed, and about 5 feet in length. The stands of small theodolites are generally 
moveable, as the pattern in the Figure. 

27. Lifting the in.strument on to its .stand. (Fig. 461.) Re¬ 
move the triangular plate and fix it upon the head of the stand, pushing its upper 
plate a back wdth the thumb to receive the feet of the theodolite. Draw out the 
slides, if any, w^hich hold the instrument down to its box, catch the Ti” firmly 
by both hands and lift the theodolite on to its stand, inserting the heads of the 
foot-scrcAvs which are turned dowmw^ards into the holes of the low^er triangular 

OBSERVATION. 

♦ In all observations of the sun, care should be taken to cover the eye-picce \\ith adark glass of sufficient 
density to protect the eyes from injury. 
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plate, and push the upper Irianijiilar plate back to its original position with the 
thumb, 1 he foot-screws have a ilane^e (or shoulder) upon them, so that, when 
they rest upon the trianjL^mlar plate iixcnl upon the head of the stand, the upper 
triangular plate locks over the flange, and being actcal upon by a spring b, Retains 
the whole instrument firmly upon the top of the stand and thus rciultTs it s(?curc 
against falling over from ordinary knoi'ks. W hen placing the th(‘odolitt.‘ back in 
its box, sec that the threads of tlie foot-screws are in their accustomed place, 
which the process of levelling has perhaps slightly displaced, otherwise the instru¬ 
ment may be found not to si^tlhi down in its proper position in the box. 

28. Vaki()i;s parts ()1‘ a Tui.onoLriK nami-d. (b'igs. 4:3, 463.) 
The Tht?odo!ite see Fig. 4;3) rests upon three* Fooi-serezvs^ Ig whii'h work in a 
Tribrach, 'P. I'lu* Boss of this tribrach is pi(*rced w'ith a Ferialc Axis, in which 
the Longer I ertical (or Azimuthal') Male Axis works, and attached to the boss of 
the tribrach is an arm carrying the Lo'ieer Uorizontai Clamps C, and Lo'ieer Hori¬ 
zontal Tangent Scrcu', S. Next is seen another arm projecting from the boss of 
the Upper Female I'ertical Axis which carries the ipper Horizontal Clamps C', 
and Upper Horizontal Tangoit Scre'iv (not seen in the 1^'igure). This last men¬ 
tioned axis encloses thc^ Ipper Male I ertical ^Ixis. Then comes the Horizontal 
Plate, F, of the instrument, whic'h bears the Graduations marked on silver, the 
silver circle being termed the Limb, The graduations again are read by means of 
three Horizontal Verniers, V, attached to a thin circular plate called the Vernier 
Plate, P', and the three moveable Horizontal Lenses, L, above them. So, in 
succession, the Azimuthal Level, I, which is fixed to the verniiT plate, is arrivc'd 
at ; from thence we come to the Vs, Y, w'ithin which the Pivots of tlie Transit 
Axis w'ork. The Cleats, c, covering the pivots, prevent the latt(‘r from rising out 
of their Ys. Betw'een the pivots li(‘s the Telescope, * /, carrying w ith it tw'o segments 
or Arcs, A, of the Vertical Circle denominated the Face of the instrument. 
The vertical arcs also bear their graduations marked on silver ; the silver segments, 
as before, being termed the limb. These graduations are read by means of two 
Vertical I'erniers, V', on either end of a hoii/ontal arm, upon which latter is fixed 
the Vertical Level, V , the whole being fixi'd in position hy uu*ans of a couple of 
antagonistic screw's ttuanod Clips, c , which work against a Shoulder between them. 
As in the case of the azimuthal verniers, the verticail verniers ai'o I'ead by means 
of tw'O Vertical Lenses, L'. Another arm projecting beyond vernier A carides a 
Vertical Clamp C", and Vertical Tangent Screie, S". In the telescope* are the; 
Eye-piece, f K, tlu^ Object Glass, O, and its Cap, c\ as also the large Milled-head, 
w'hich carrying a Pinion and w'orking in a Pui k attachcal to the Sliding Tube of 
the telescope, affords tlie means of nice adjustment for Focus, On the teIescop<i 
tl.c Magnetic Needle, N, is fitted on. If the eye-piece and the tube within which 
it fits wei'e removed, there would be exposed to view' a Diaphragm (see big. 463) 
carrying thri‘e IVires, whcTidjy a point in the Field of the tt'lescope becomes 
defined. The diaphragm is held by means of four screws w'l.ose Capstan-heads 
appear round the sliding tube of the telescope. The.se four screw s are termed the 
Collimating Scrc'ies, s. 

Or.SKKVAllONS. 

* The mnj^nifyln^ power of a ti lescopo — the f'jcnl Ung^ih of tlic object -I- the equivalent focal 
length of the eye*pitcc. The equivalent focal length is twice tlie product of the focal lengths of the eye lens 
and field lens divided by their .sum. 

t The eye-piece contains two lenses, known as the eye lens and the field lens. Half the sum of these 
small lenses is the disi.ance at which they arc fixed from each other. In a positive cye-picce the focus 
is just beyond the field lens, and in a negative eye-piece the focus is between the two lenses. ^ l»y the use of 
compouncl eye-pieccs spherieal and chronintic aberration are got rid of. 1 he fit Id lens or object glass of a 
refracting telescope forms the image of a distant object, and the eye len.s or eye-picce, simple or compound, 
magnifies this image. In a refla ting telescope .a concave mirror receives light from the distant object, and 
reflects it so that the rays converge lo a focus ard hrm an image which is received by the eye-piece. A 
terrestrial telescope coii3i.‘'ts of two .such astronomic.al tfIcscopcs which give an inverted im.agc, the latter 
inverting the inverted image of the former and so giving an upright image. 1 he eqaatonal telescope is 
an ordinary telescope mounted in such .a way that it can bo easily dirt'dod to any part of the he.avens. 
Hhe polar axis is parallel at an angle equal to the latitude of the place. Ihe telescope can be moved 
round the polar axis in a plane which is parallel to the earth’s equator, and this motion is said to be 
motion in right ascension; it can also he moved up and down in a plane at right angles to the earths 
eqimtor, and this motion is called motion in deelination. 1 he tratisit telescope is mounted on a horizontal 
axis, so as to be capable of moving in the meridian only. It is used to determine the exact moment at 
which celestial bodies cross the meridian, that is, when tliey are in a iiue north or soutli po.siti(jn. It is 
also used for determining the declination of celestial objects, that is, how far in angular measures these 
bodies are from the celestial equator. 
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29. Till' l'OOT-S('RlAVS. The foot-srR‘ws arc' for thr' purpose of levelling 
the tliooclolite, and slioulcl admit of being turned easily by tlu; band ; when ibis is 
not the ease, the slit made vertic'ally across the fi‘inal(‘ screw should be opened as 
requirc'd, so as to ke(‘p tiu; threads in clos(‘ action with the foot-screw. 

30. I'WE AXI-:S. 'The axes should be clcancid with pure olive oil and a soft 
cloth, once a year- by an expericaiced hand. 

31. Tiik LlMliS AND Vl'.RNMi^RS. 'Vhc, limbs anti verniers should be 
brushed frc'e of dust and grit, with the edge, not against it, by means of a soft 
camel’s hair brush, every time Ix forc' ust*; and onci^ a y(‘ar tlu‘y should be very 
carefully brushed by an expe rieiiced hand, nt'xt washed with a little soap and water, 
and finally rubbed over whlh a cautiously prep: red mixture of lamp-black (made by 
holding an oiled platt' over tlu‘ llame of a wit'k dipped in oil, th(‘ more smoke the 
better) and oil. In these proi't^sses the tip of the finger :doni? should bt^ tmiploytul. 

32. Tiik c lamps an’D taxc.knt sc ki-avs. The clamps :ind t.uigent 
siTtAVs give the instrument a slow’ motiim- which is thus eftcHTtal. 'The edamp is 
tightened, in the direction an ordin:iry scianv is driven home, and the t:Lng(‘nt screw 
turned by the thumb and foreling(‘r to the left or right as requirtal. d'hci hori¬ 
zontal tangent screws give thi' telesc'ope a horizont.al motion, :ind the vertic'al 
tangent screw’ a vertical motion. The lower horizontal clamp and tangiait screw 
are used in connection with the horizont:d ] 3 l:it(\ thi' upper horizontal clamp and 
tangent screwv in conncR'tion witli the vernier phite, and the vcirtic:il clamp and 
tangent screw in connection with the vertical limb. 

33. Tiik LILXSI S. 'J'he lenst^s have a spherical glass at cither caul and 
magnify an object, 'fhey arc.' used to rc'ad the divisions on the verniers and limbs, 
and are to be adjusted with thi^ sc'rew' or unscrew’ motion, as rc^quired, for the c^ye 
of each observeu*, since the sights of observers vary in power, some being w'eak 
and others strong. 

34. dTlK AZlMUrilAL M'.VIU.. d'he azimuthal levtd is a hollow tube of 
glass fitted into a metal case which is fixed by two ('apstan-luxaded screnvs to the 
vernier plate. It is nilcal w’ith spirits of wine, a little space with air being allowcrd 
to exist in the tube, which forms itself into a bubble?. When this bubble is in the 
centre of its tube, the level is horizontal. If the? bubble is to either end, that end 
to which it is, is the higher; just as m:iy be sc.'en in a full brandy bottle, if held 
horizont:dly, the bubble of air in it will cemu' to the centre, and if raised to the 
side of the stoppe^r the bubble will proc'ced in that dirc'ction. The gkiss of the 
level lube has divisions cut on it from the centre, to citht?r side so as to guide the 
eye in bringing the bubble to tlie middle? of the tube. The bubble contracts wuth 
heat and expands with cold, but this fact must not akirm the obsc'rver, as a very 
grt?at change in the bubble’s Icuigth does not mainfest itself all at once, d'he 
azimuthal level is used to level the instrumemt horizontally by means of the three 
foot-screws. 

35. Tiik VI-RTICAI. I.KVKI.. The vertiexal level is in every w’ay similar to 
the azimuthal level, and therefore? nc?eds no desciiption. It is used to level the 
instrument, by means of the clips, vertically, that is, to make the telescope when 
set to Zero of the vertical verniers, parallel 1(3 the horizon. 

36. Tiik PIVOT.S and V.S. The piv(3ts of the transit axis and the Ys 
should always be w’iped cle:in before placing the former within the latter, for the 
interposition of grit must necessarily w’e:ir them aw’ay. 

37. Tlll^: CAP. The cap of the object glass Tuust always be? both put on 
and taken off by the screwv (n(3t the unscrew) motion, otherw’ise the? object glass 
is likely to be displaced in its cell. 

38. Tlir: TKLl^SCOi’K. The telescope is used for viewing objects to be 
observed, which it magnllics and makes appear as if th(*y were situated quite near 
to the observer. 

39. Tiik KVimmkck. There are tw’o eye-pieces for the telescope; one, 
the inverted eye-])iece, has tw'o lenses, and the other, the direct eye-piece, has 
four. Ihe latter, w’hi('h show’s objects direct, is usually found in the box, the 
former, w’hich show's objects inv(‘rtcd, is fitted in the telescope and should bt? the 
one used, as, wdieii seen through it, objects appear more distinct. If the obj('Ct 
and eye glasses arc very dim and cloud’ d, and cannot be cleaned with external 
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wiping, select a dry day and clean them externally and internally with spirits of 
wine and the use of a soft handkerchief. It is, however, objectionable to unscrew 
the object glass, since doing so deranges the line of colliination; so also as to 
the eye-piece, since by removing it air and damp get inside the telescope and 
break the wires of the cliaphragin. 

40. The compass Mox. A compass box is fitted on to the telescope, 
which can be removed and put on at pleasure. It carries a magnetic needle and 
is for the purpose of determining the bearings of points; when not in use, the 
needle should always be thrown off its centre by means of the small lever provided 
for this purpose. 

41. ^ Dieerrencr of IIypoticnuse and Bask. (3n the reverse side of 

the vertical arcs are Cvutain graduations markc^d on brass as Dilfcrcjice 0/ Hypot* 
ennse and which are tlie number of links to be deducted fiom (‘ach chain, 

for various angles of inclination, in order to reduce distances measured on the 
ground rising or falling at these angles, to the corresponding horizontal distances ; 
in other words, when the index of this graduation reads the number 2, it is signi¬ 
fied that the hypotenusal length at that inclination minus its corresponding hori¬ 
zontal length, is equal to 2 links per chain. 

42. Division of instrument into two tarts. The instrument may 
be considered to consist of two parts, the lower or horizontal portion from the 
foot-screws to the Ys and the upper or vertical portion from the Ys upwards. 

43. The adjustments. The adjustments of the theodolite arc of two 
kinds, namely : temporary and permanent. The former ar(i necessary every time 
the instrument is set up for use ; the latter are only nec(‘ssary when the instru¬ 
ment has newly come into the hands of the Surveyor, or wlu'ii he has reason to 
think the instrument has been shaken by some means, and the adjustments so 
displaced. 

44. The temporary adjustments. The temporary adjustments arc— 

(1) Centering. 

(2) Obtaining distinct vision of JPYres. 

(3) Eliminating Parallax^ commonly calked finding focusd^ 

(4) Levellings that is, making the vertical axis perpendicular to the 

horizon. 

(5) I'ertical Ijvellings that is, making the zero of altitude parallel to 

the horizon. 

(6) Setting to Zero. 

45. Centering. The theodolite being placed on its stand over the station 
from which the observations are to be taken, suspend the plummet by means of 
a thin cord from the hook at the bottom of the instrument till, by shifting the legs 
of the stand, the plummet hangs over the station mark, and the theodolite is at the 
same time roughly level. 

46. Obtaining distinct vision of wires. Having removed the cap 
of the telescope, direct it to the sky, apply your eye to the eye-end and push in or 
draw out the eye-piece, always by the screw motion, until the wires are distinctly 
visible. 

47. Eliminating parallax. Turn the telescope in the direction of any 
object, look through the eye-end, and by means of the milled-head draw the tele¬ 
scope out till the object is nicely seen. Then dirtjct the telescope to some well- 
defined object, as the top of a pagoda or corner of a house, about the same distance 
away as arc the points of observation; clamp, that is, tighten, the upper horizon¬ 
tal clamp, and intersect the object by bringing it in the centre of the wires by 
means of the upper horizontal tangent screw. Now imagine the wires to be fixed, 
and move your head laterally as far as the field will admit, whi^e your eye is 
intently watching the intersection of the object by the wires. According as the 
object appears to move, or otherwise, so it is said that there is, or is not, parallax. 
In the former case parallax must be destroyed by turning the milled-head inward 
or outward, till by continuing to shake the eye, as before, the object ceases 
to move. 

^ 48. L EVELLING. Place the horizontal level in a direction parallel to two 

of the foot-screws, and by their motion, turning them both inwards or both 

16 
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outwards equally, according as the bubble is required to go to the right or left, 
bring it to the centre of its tube; then turn the instrument a quarter round, 
so as to bring the bubble over the third foot-screw; and turn it to the right or left, 
until tile biibhhj also becomes stationary in the middle in this position. In 
performing this last operation the level will perhaps be thrown out on moving 
the instrument back to the lirst position, *in which case it must again be levelled 
by means of the lirst two foot-screws, as before described. When the bubble 
remains stationary in the middle during a whole revolution, the instrument is said 
to be level. 

49. X'ertical levelling. Ry means of the two clips bring the bubble 
of the veitical Imel to the centre of its tube, turning them outwards or inwards 
according as it is desired to make the bubble come to the left or right. The clips 
should always press tightly the shoulder against which they work. 

50. SettinCi to zero. Setting to zero means that any given point shall 
read a given reading on the limb, generally 6 \ or nearly so. For this purpose, 
first level the instrument, then set vernier A to the given reading, or 0°, by clamp¬ 
ing the upper horizontal clamp and making the arrow head of the vernier A cor¬ 
respond exactly with the division at 360'’ (or zero) by means of the upper hori¬ 
zontal tangent screw ; next unclamp the lower horizontal clamp and turn the 
telescope by the horizontal plate, until the given object is nearly on the wire. 
Now^ clamp the lower horizontal clamp and intersect with its tangent screw, and 
the zero will be set. In setting to zero, vtunier A should always be made to read 
2 or 3 minutes over so that in rc-observing the point the reading may not be 
less than 360^ The point to which zero is set is called the oero point. Zero 
may be set to the magnetic north by having made vernier A read 0°, as before, 
and turning the telescope, to which the compass box is attached, by the horizontal 
plate, until the needle points to its own zero. Once the horizontal plate is set to 
zero point, it must remain untouched throughout the observations on that zero. 

51. Instrumignt ready eor observation. After the temporary 
adjustments, as above described,. have been completed, observations can be begun 
with the instrument. 

52. The permanent adjustments. The permanent adjustments are— 

(1) Setting the Vernier Lemes. 

(2) Collimating, 

(3) Making the Vertical and Horizontal Wires respectreely Vertical 

and Horizontal. 

(4) Setting the Horizontal Level parallel to the Horizontal Plate, to 

indicate the veiticality of the vertical axis. 

(5) Setting the Vertical Level parallel to the zero of Altitude of the Ver¬ 

tical to indicate the horizontahty of the line of collimation. 

53. Setting the vernier lenses. Raise or lower each lens in turn 
until distinct vision of the vernier is obtained. 

54. Collimating. The line 0/ collimation- the imaginary straight line 
joining the intersection of the wires and the optical centre of the object glass. 
The effect of collimation error * is destroyed by observing vertical angles on both 
faces of the instrument, and taking the mean thereof. To collimate, t.e., to 
remove the presence of collimation error, go through the temporary adjustments 
of the theodolite, next direct the telescope to some well-defined object, intersect 
it by the wires, and read vernier A, which is, let us suppose, 37° 46' 30" ; then lift 
the telescope out of its Ys and turn its verniers through a semi-circle, then change 
pivots, replacing the telescope, which should still point in the direction of the 
object, level the vertical level, direct the telescope once more to the object, intcr- 
seet it by the wires, and read vernier A, which this time is, say, 37"* $0' 30"; the 
difference 4' 00'' is the deviation, half of which must be corrected by the two hori¬ 
zontal collimating screws at the eye-end of the telescope, and the other half by 
the tangent screw'—done thus :—Add half the deviation or 2' to 37° 46' 30" = 37° 
48' 30" (which is the same thing as taking the mean of the twm readings 37° 46' 30" 

OBSERVATION. 

* The eyyoy of collimation Is the deviation of the optical axis of the telescope from perpendicularity to 
the line juiniiiif the pivots. 
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and 37® 50' 30'^), apply your eye at vernier A, and by means of the upper horizontal 
tangent screw set it to read that quantity ; now apply your eye to the telescope 
and the object will be discovered to have gone left or riglit of the intersection ; 
take the pin and alternately loosen one horizontal screw and tighten its opposite 
one, till the cross wires intersect the object as before, when tlui instriiinent will 
have been collimated. The process ought to be repealed till the adjustment is 
perfect. 

55. Making the vertical and iiori/ontal wires respectively 

VERTICAL AND HORIZONTAL. First thoroughly level the vertical and transit 
axes. Then adjust by, say, the vertical wire, thus : intersect any small well-deiincd 
object, and see if it continues bisected along the wire when the? tt‘lesc(qje is moved 
in the vertical plane. If otherwise, make the diaphragm revolve by means of tin* 
4 collimating screws until this condition be securtHl. Similarly an object bise('ted 
by the horizontal wire should continue l)isec{ed when the instrument is turned 
azimuthally. In more recent instruments this trouble is avoided, as the diaphragm 
is constructed to slide exactly horizontally along two even edges, and thus only 
two collimating screws will be seen, one to the Udt and the other to the right 
hand side. 

56. Setting the horizontal lea el. Level the instrunumt carefully 
as explained in (Art. 48). Now turn the telescope so as to place' tlu^ horizontal 
level parallel to two foot-sercAVs, and by their motion bring {\m bubbles to the centre 
of its run. Turn the telescope half round and if the bubble continiu's in tlu' centre, 
the level is correct; but if not, it wall show' that the bubble tube is not parallel to 
the horizontal plate. To remove this error, the bubble must be brought to the 
middle, half by the foot-screws and half by the capstan-headed adjusting screws 
at the ends of the level. Reverse the level again end for c-nd, thus bringing it to 
its first position ; any deviation from the centre must be corrected, as before, half 
by the foot-screw^s and half by the adjusting screw's aforesaid. Repeat the process 
until the level w^ill bear reversing w'ithout displacing the bubble from the centre. 
During the above operation the level should occasionally be turned a quarter 
round, w'hen, if the bubble leaves the centre, it should be brought back to it by the 
third foot-sciw. 

57. Setting the vertical level. Level the horizontal and vertical 
levels thoroughly, direct the telescope to some well-ch'fmed obj(*ct, intersc'ct it and 
read off the vertical angle, which is, say, K. c/ 25' o' ; next change face, bwel the 
vertical level, and re-obs^rve the object which this time reads, say, K. 30' 00". 
Take the mean of the tw'o observations, which in this case w'ould be K. 27' 30", 
and set the vernier to read that quantity ; then intersect the object, dy t/smg the 

which procedure will necessarily have displaced the bubble. Now by means 
of the tw’o adjusting sciws at either end of the level tube bring the bubble to the 
centre, and the vi'rtical level wall be set. The process ought to be repeated once 
or more often till satisfactory. 

58. Caution as to permanent adjustments. With the exception 
of setting the vernier lenses, the permanent adjustments must not be attempted by 
an inexperienced hand or the instrument may become w'orse than useless. 

59. STAnil.ITY. The ground on which the theodolite stand is fixed should 
be firm ; and w'hen composed of straw and earth or sand, the way to remedy the 
evil is to drive three ordinary tent pegs nearly flush with the ground and rest the 
stand on them ; this will secure the isolation required. 

60. To WIRE THE DIAPHRAGM. (Fig. 423.) The diaphrgam will be 
found nicked to receive one horizontal and tw'o diagonal wires cutting each other 
in nearly a common point. It often happens that the wures break, and hence the 
necessity of a Surv^eyor being possessed of the knowledge of replacing them. 
Well, then, to wire the diaphragm, remove the four small screws which hold the 
eye-end of the telescope to the sliding tube. Draw out this end together wath 
the eye-piece, and remove the diaphragm, keeping the screws by carefully, so that 
they may not hereafter change places. The wires employed should be either silk 
fibres or spider’s lines ; the former being the .stronger of the tw^o, are to be preferred. 
In wiring, clean the surface of the diaphragm and the nicks on it with spirits of 
wine, and lay it on some slightly raised surface as an upturned tumbler. Now 
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select 07 ie silk fibre, cTppcnd a small ball of wax about half the size of a pea to 
each end, lift up the wire on a pair of compasses opened out a couple of inches, 
and near its points fit the fibre gently into two opposite nicks and remove the 
compasses, letting the balls of wax hang free to tighten the fibre. When the other 
two wires are similarly placed, fix them to the diaphragm with tiny drops of 
laudanum, or any other adhesive liquid. When dry cut off the emds with the wax 
balls, carefully replace the diaphragm in the telescope^, so as not to hurt the wires 
and fix on the screws in their former places. Wiring should be done on a bright 
sunny day or else the wires will be found jagged and useless. 

6 1. How TO Change Face. The face of the instrument invariably 
stands over vernier A, a condition which is ahvays to be secured when replacing 
the pivots in their Ys. To change face signifies to turn the telescope i8o” verti¬ 
cally, that is, on its transit axis. Suppose the instrument to stand at ^'face leftf 
which implies that, standing at the eye-end of the instrument, its face falls to the 
observer’s left hand. Now let it be required to change face. The manipulation 
is as follows :— 

Open the cleats and release the two clips, the vertical clamp being free to 
avoid strains from accidental jerks. Raise the telescope out of its Ys by catching 
the thicker part of either end with the forefinger and thumb. Hold it by its back 
arm, remembering that the object-end should never be h(dd uppermost, or any dust 
within the telescope will fall on to the wires. Now unclamp the vertical clamp 
and turn the verniers i8o°, whe^reby they will change places; clamp, change the 
telescope end for end in the hand by bringing the level upward. Catch the 
thicker part by the forefinger and thumb as before, replace it in its Ys, keeping 
the face immediately over vernier A, and make the released clamps pinch. The 
object and eye-ends of the telescope will thus have exchanged positions, and if, 
as before, the observer stand at the latter end, the face will now fall on his right 
hand. Before this process was gone through, the instrument was said to be at 
'[face left; ” it now reads "face right, It is not possible to change face with 
the compass box fitted on to the telescope, since doing so would bring the box 
into contact with the nut of the vertical axis—hence it must be removed before a 
change of face is attempted. 

62. Method oe observing horizontal angles. (Figs. 452, 456.) 
Let it be required to observe the angle at the station S {see Fig. 452) between two 
objects A and B. Set up the instrument on its stand exactly over the point S by 
means of the plummet, and put it through its temporary adjustments. Now 
having the Instrument at face left, clamp the lower horizontal clamp firmly with 
the horizontal plate in any position, or by first having set it to zero point, as 
may be required ; next, direct the telescope to the object A, moving it till the 
cross-wires and object nearly coincide; then clamp tlie upper horizontal clamp 
and by its tangent screw make the inteisection of the wires nicely bisect the 
object; now read off the degrees, minutes and seconds of vernier A and the 
minutes and seconds only of verniers B and C, and work out their mean for the 
reading of the object, thus :—• 

Vernier A = 127° 46'30" 

„ B = 46 00 

.. c = 47 30 

Mean reading = 127 46 40 

Again unclamp the upper horizontal clamp and turn the .telescope to the 
object B, clamp it, bisect tin; object as before, and read off the verniers as before, 
which are as follows ;— 

Vernier A -= 193° 04'00" 

,, B = 05 00 

„ C = 06 30 

Mean reading = 193 05 10 

Now take the difference of the two means for the required angle, thus; 193° 
05' ~ *27° 46' 40" = 65° 18' 30", the observed angle at S between A and B on 
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face left only. Again, to observe the same angle? on face right. Change face, 
and bring the Iclescopc round to B, intersect and read as before; 

Vernier A = 13° 03'30" 

„ B == 05 00 

n C = 06 00 

Mean reading = 13 04 50 

Turn the telescope to A and intersect and read as above : 

Vernier A = 307° 46' 00'" 

„ = 45 3^ 

„ C = 47 00 

Mean reading =307 46 10 

Now, take the difference of these two means for the required angle, thus ^— 
13'’ 04' 50" (360"" + 13° 04' 50'' = 373^ 04' 50") —TPf 46' io"= 65° 18' 40", 
th(? observed angle at S between A and 13 on face right. Finally take the mean of 
the angle observed on face left and face? right for the true angle, w’hich = 65® 18' 
35^'. Angles should always be obsc^rved from left to right on one face and from 
right to l( 4 t on the opposite face ; tluis in (Fig. 456), if it be required to observe the 
angles at S between A and H, B and C, C iind D, and D and K ; on one of the 
faces, as face left, begin with intersecting A, tlum P), C, D and K, in succession. 
Angles are sometimes rt'peated when great accuracy is w^mted, whicli is by going 
through the process of observing a second, third and fourth time, as required, and 
then for the true angle, extracting the means of all the observations of each 
separate angle. To obtain an angle alw^ays subtract the reading of the left hand 
object, which is the lesser, from the reading of the right hand object, which is the 
greater ; wdien the reading of the latter is less, add 360^^ to it to make it greater, 
as done in this very article to 13® 04' 50". Ihe obsei'ver must ahvays conceive 
himself standing rz/the station of observation, w'ith his face towards the angle 
required to be measured ; for instance if at S {see Fig. 432) the smaller angle 
ASB was to be measured, then A w^ould lie to his left and B to his right, and 
consequently the reading of A w'ould be subtracted from the reading of B for the 
required angle. Again, if th(? larger angle ASB was to be measured, then the 
observer w'ould have to turn his face toivards the required angle, wdien 13 w^ould lie 
to his l(.‘ft and A to this right, and by the rule, the reading of B must be taken 
from the reading of A for tlie angle. 

Thus let A read 20° and B read 70*^, 

Reading of B = 70® Reading of A = 380° (= 360° + 20°) 

,, ,, A — 20 ,, ,, B 70 

Smaller angle = 50° Larger angle — 310° 

Always recollect that in measuring azimuthal angles the vertical clamp should 
be free. 

63. riORi/( 3 NTAL Angle Book. The field-book in which the horizontal 
angles as observed in the field are recorded is termed the Horizontal Angle Book, 
a specimen of which is given further on. It is usually 10 inches broad by 8 
inches long, opening out as the field-book for a chain survey, the entries being made 
from the top to the bottom begun at the first page. At each station of observa¬ 
tion, before commencing work, is written in, at the heading, (i) the name of the 
station, (2) date of observation, (3) the number and size of the instrument em¬ 
ployed together with the maker’s name, and (4) a brief description of the station 
to enable it to be got at easily in the event of future reference having to be made to 
it. The 1st column, Objects,” is to write in the names of the objects observed 
to; in the second column,Face,” or is entered, denoting the left or 
right face of the instrument on wdiich the observations were taken ; the 3rd, 4th 
and 5th columns, Verniers,” arc for the readings of the verniers A, B and C to 
be respectively recorded ; the 6th column, “ Means,” is for the mean of the three 
vernier readings; ihe 7 th column,” Angle.s,” is for the entry of the deduced 
angles ; and the 8th column, ” Remarks,” is intended for any remarks the observer 
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may think necessary to enter. Means and angles are always worked out on the 
spot immediately after the observations are taken, so that any glaring errors may 
at once be checked and rectiriecl. After concluding the observations at a station, 
some space ought to be left before commencing the entries at the next station. 
This space is intended for the drawing up of an “ Abstract of angles taken at 
every station, for convenience of reference and subsequent calculation, in which 
the general mean of each successive ang'e is entered. I he form for the abstract 
of angles has to be luled out by the Surveyor according to the pattern in the 
specimen of a horizontal angle book bidow given : 

Ilorizonl.'d Angles taken at Kadohia Village Station on the 2oih October 
i<Wo, witli Gw/fv’No. 112. 

DitSCRil'TloN Ol' SfATioN : The station is situated in the centre of a 
paddy-field d6 feet from the bank of the Gy ne river easticard, and 52 feet north 
of a tamarind tree. The village of Kadobia is about ^oo yards south of the 
station. 


Observer: 

; A. 








Face. ^ 

Vkrmprs 





Objects. j 


1 . 

A. 1 

B. 1 

C. 

Mc.ins. 

Angles. 

Rcm.arks. 

A Flag . 

L 

0 02 30 

t It j 

03 00 : 

1 '• 

01 30 

0 02 20 

0 , » 


7 ? P,fpul frra 


67 S3 

53 3 '’ . 

5 - 

t >7 5 -’ 5 ^ 

67 50 30 

lYi ar Pagrda. 

C Flag ... 


1(^3 17 00 

10 3 '-> ! 

17 

193 17 00 

125 24 m 


C Flag . 

n P<tpul tyre 

A Plug ... 

K 

! 13 16 00 

17 00 1 

l() <«o 

13 16 20 

12s 2 ^ JO 

' Niur Pag da. 


247 51 00 

iSo OJ 00 

30 j 
03 3 ^ 

I 

52 30 
01 30 

24,7 52 00 
180 02 -o 

(>7 40 


Abstraet of Angles. 


Objeefs. AnL’it's. 


A Pc(pul trrr ... ... ‘ b; 50 5 

B 1*11 pul tVi e mnd C Flag ... ... | i.’5 Jj. 15 


64 . Mk i hod 01* OBSKRVING VERTICAL ANGF.KS. Set up the theodolite 
over the station of observation, go through the temporary adju.stment.s, having 
both the horizontal and vertieal hovels truly level. Then direct the telescope to 
the object whose angle of elevation or depression is sought, intersecting it with 
the horizontal wire by clamping the vertical clamp and using the vertical tangent 
screw; next read off the vertical verniers A and B and obtain their means for the 
vertical angle ; this is done on face left. Again loosen the vertical clamp and 
change face, re-level the upper level, and interseetthe object as before; read off the 
verniers A and B, and take their mean for the vertical angle on face right. Then 
take the mean of both face left and face right for the true vertical angle. 
Recollect that in entering vertical angles, E and D are made to represent angles 


of elevation and depression respectiveh 

y'. To illustrate the above method ( 

observing: — 


Face left. 

Face right. 

Vernier A = E. 2" 18'30" 

Vernier A = E. 2° 16' 00" 

„ B — E. 20 00 

„ B = E. 15 30 

Mean of verniers = E. 2 1915 

Mean of verniers = E. 2 15 45 


Mean of both faces = E. 2^ 17' 30". 

Always bear in mind that in measuring vertical angles the upper horizontal 
clamp should be free. 

65. Verticai. Angle Book. The vertical angles as observed in the 
field are recorded in a book similar in size to the horizontal angle book, called the 
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Vertical Angle Book. At each station of observation, before commencing opera¬ 
tions, is written in at the heading— 

(1) The name of the station, 

(2) Date of observation, and 

(3) The number and size of the instrument employed together with the 

maker’s name. 

The 1st column, “ Objects,’^ Is to write in the names of the objects which a r 
observed. 

In the 2nd column, “ FaceV L or R, is entered, signifying the left or right 
face of the instrument on which the observations were taken. 

The 3rd and 4th columns, “ X'erniers, ” are for the readings of the verniers 
A and B to be respectively recorded. 

The 5th column, “ Means of one Face,” is for the mean of the tw^o vernier 
n.‘adings. 

In the 6th column, ‘‘ Means of both Face, ” the mean of face left and face 
right is to be written. 

In the 7th and 8lh columns, ” Heights of eye and object,” the height of the 
instrument and the height of the flag or other object observed to from the ground 
is recorded. 

And the 8th column, “ Remarks,” is intended for the entry of any remarks 
the obseiver may think necessary. Before each of the vernier readings and in 
the means, the letters F and D must be entered, showing wliether the angle is an 
elevation or depression. In vertical observations, there is no difference of verniers 
taken to get the angle, as is the case with horizontal observations, but the means 
are ihemselves the angles of elevation or depn‘ssion. The means are alw ays to be 
W’orked out on the spot, so that any grave errors may be there and then checked 
and rectified. After the observations at a station are concluded, anAbstract 
of Angles” has to be drawai up, as in the horizontal angle book. In extracting 
the mean of tw'o vernier readings, if one is an elevation and the other a depression, 
which usually happens when the station of observation and that observed to are 
nearly alike in height, take the difference of the two readings and halve it for the 
required mean, wdiieh will be an elevation or depression according as which w^as 
tile gr(‘ater reading; the same procedure is adopted when a mean of the mean 
of both faces of an elevation and deprc‘Ssion is obtained. The following is a speci¬ 
men of a Vertical angle Ijook :— 


Vertical Angles taken at Kanialaiating Hill Station on the 2 St]i October 
iSSo, wdth Cooke and Son s 7" I'heodoliie No. 112. 

013SERVER : P.N.~ 


ObjiTts. 

Eacc. 

Vekm 

PR's 


Hluiht of 

Remarks 

A. 

13. 

Uiic Eaco. 

1 

Both E'aces 

i 

Eye. 

Object. 






0 / n 

/ If 

. , „ 

0 r tf 

Ecct. 

E'cct. 


A Flag 

L 

1‘.. 3 '5 3'> 

H. 14 30 

K. 3 15 0 

R. 3 15 23 

5 

u 

R otto PH. 

.. ••• 

R 

K. 3 lO 30 1 

j 1'^. 15 00 

I'- 3 IS 35 




\ 

R Piepul tree ... 

R 

D. s 00 

1 D. 4.7 00 

'>■ 5 ^7 30 

D. s 48 .'3 


0 

1 Bottom. 

>1 >» • • • 

L 

D. 5 49 30 

1 D. 49 00 

t>. .5 40 1S 


1 

1 

i 


1 

cst.,ff 

I, 

E 0 02 30 

i n. 0 30 

E. 0 01 00 

E. 0 03 08 

5 

] 1 

Top. 

>} »t ... 

i< 

D. 0 oi) 30 

1 U. 1 CO 

D. 0 00 4S 






Abstract of Angles. 




OF 

Objects. 

A nicies. 

Eye. 

Object. 


0 , . 1 

Ecct. 

Ecct. 

A PUk . 

K. 3 la 23 

,S 

0 

U Eecpiil tree 

D. 5 48 23 

5 

0 

C Staff 

1 E. 0 00 08 

5 

11 1 

- -1 
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AID TO land-surveying. 


66. Time EOR disserving. The best time (or observing horizontal angles 
is during the cool of the morning and I'vening, from about sunrise to lo A.M. and 
from 4 I’.M. to sunset; and for vertical angles between i and 3 E.M., when there 
is least refraction, that is to say, during those hours when the object appears in its 
real position and does not rise fiom it as at other times of the day. I'or ordinary 
work the above rule need not be strictly adhered to. 

67. Theodomtic Surveying. The theodolite is used where great 
accuracy is an object and a large tract of country to be sutveyed. Running a series 
of minor triangles through a country or covering it wit h a net work of small triangles 
of I or more mile sides'^, as necessary, is termed irian^yiilnting ■, simply surveying 
roads, rivers, boundaries and such like, proceeding from one point to another by a 
ciicuitous route, measuring a'ong lines of various lengths and at different healings, 
is termed Iraversing. While triangulating or traversing, any objects of importance 
may be observed to and fixed from two or more stations, such as pagodas, conspi¬ 
cuous tR‘es, temples, etc. Afterwards the interior detail of a theodolite survey 
may be filled in by means of a plane-table or a chain survey, as explained in the 
chapters on those heads. 

68. Bask Line. (Fig. 453.) The first thing to be considered in tri¬ 
angulating is the careful measurement of what is termed a Base Liiic, such as AH, 
for examjde, in Fig. 453, to give the exact distance apart of two stations from which 
a .scries may be run, for it is clear if in a triangle one side and its three angles are 
known, the remaining two sides can be calculated, and having now got thc.se two 
sides, other triangles can similarly be built on them and their sides calculated, and 
so on to any extent.* A nice level pii'ce of ground should be chosen for the pur¬ 
pose of measuring a base line, which should be about 1,000 feet long for triangles 
of about I mile sides. The chain must be compared with a standard bar before 
commencing operations. Now set up the theodolite at one end of the base line, 
send a staff with the vane set to the height of the instrument in the direction of 
the other end of the base line, where a change of inclination takes place in the 
ground, and observe the angle of elevation or depression ; then carefully measure 
the distance both forwards and backwards between these two points. Again 
remove the theodolite to the p’acc where the staff was, sending the staff forward 
in the direction of the other end of the base line to where another change in the 
inclination of the ground occurs, and measure the vertical angle and distance as 
before, not omitting to observe the buck vertical angle to the first end of the base 
line as a check. IToceed in this manner until the other end of the base line is 
arrived at. The following form shows the method of entering the above measure¬ 
ments 


Station. 


Chain McaburcnienlN. Angles of inclination, 

; IwtrWard ami back. 

A. i H. 


Forward 
and back. 


Means. 


Feet. 1 


Feet. 

! 


1 

n 


t 

w 


706*84 1 

) 


C E. 

0 

‘>3 

00 

1-:. 

D. 

3 


]k 

2(.)0*(JO ! 

i 


1 D. 

0 

^3 

3 f> 

4 

3 ‘J 


457-28 

457-11 

1 

427-20 


4 

4 

07 

u8 

00 

00 

' K. 
I). 

s 

8 

00 

30 

jK. 

jS3‘57 

! 

18 

Vv 

] 

01 

3 ^ 

' 0. 

0 



‘» 3'55 

i 


Ik. 

I 

00 

00 

Iv 

0 

00 

24 (j -(_)8 

\ 


Jk. 

0 

26 

00 

B. 

"5 

3 ^ 

1e 

250- j 4 

s 

i 

25 o'o 6 

pu. 

0 

'^7 


1). 

2O 

00 

J 


Remark' 


Means. 


” 03 Kast end of 
I babC. 

4 - "7 53! 

i 

I ou 30 


0 2G 15 West end of 
I bribe. 


II 

<U (D 
O 

? C 
o 

^ 6 
o 

a 


tL' 
§ 6 


c 

2 c 

JC o 

•5 ^ 


s 


u 


.2^ 


OBSERVATION. 

* The degree of accuracy required in a base line is determined by the ratio its length bears to the extent 
of the survey, and by the least amount of error which is acceptable in the extent cl th.it survey. In geodetic 
operations, for instance, which are conducted on the principles of sphciical trigonometry, the base line is 
measured with scientilic accuracy by means of what is known as “compensation bars’’; but inordinary 
surveying, such as is carrted on by tke rules of plane trigonometry very much simpler and less expensive 
methods are of course adopted. 




xin. rin’onc^i i > i*. 


ICQ 


Tlie followin;.^^ is llu^ foi ivi fc !ls‘ 

of tho base lin(‘, (k'diKssl Iroi’i il;.' r; 1. '. > i’ 


Stations. 

Me.Tsured 
distances, 
in feet. 

Ine'inalion 
of LjroMnd. 

1 ,o''.n .tl'!-i ( c ,oj> i- 
talb a... 

i .d r d 
]. 1- . . l.'l 
d, 1 -p- - m 
1. . 1 

1 

206-87 

0 / // 

E. 0 03 

E. M.n-w... 

1 S -A! <■ ; 





1'-. IS', 

.>0(-S; 

2 

427*20 

1-:. 4 07 63 

f.. <• S 87 o 

b-., 

1. mi - , . 

E- ‘'A 

3 

1 83-60 

D. 1 ()(> 1 

I,. ( 0 -. . i , 

1 ' - _ ' , 

J ■' • , 

4 

25<)'o0 

It. 0 At I;, 1 

E . • ■. 1. -s*; 

1 : : 1 

1 . 1 ! . S 1 


1 

1 

69. Tria.xau 
have l)(‘cn ('ompkdt 
station, and fixing 1 

. 

(i''i 

(1, pn)c< (',1 6,iili |1 i. ,,'n . ■ . It, 1 

ly iiiU.T'Cclioii tv •! 1 I’l" ; 1 1 

1 1) P 1 

In- i;. 

I . • 1 ■ Sl_ 


rs (S ll <' bo: ,/na(;il di^tniKS' 
' i I ! p :' ; 


Ki. I'.ini ks. 


!l - 

H-I 


that may Ijc met with ; lor iiisLam e Iji S;, , ’ 

measiiic tlie aiie,ie ('Al); next ;/) to I' so ' > . . 
takine; an inter',ection to die ]}a;;o.d;i It ; :■ . i ■ 
angles Ik Cl), DCl), IK. A ; th( II ‘ > to ! ' <• r 
CDK, KDIk tnkin/^' an inter'-a.^'etiwii lo tl=e 
the two anejes FEI), l/'EC ; ;:nd lapiv • o e . e 
also takine’ an in:erseetio]] to thepa;. oj-i (k 


70 . Wb’.EE-EOR.AJ- 

1 ) 

'I RE\>.(.- e'. '. 

equilateral, tlxit is, the 

r!o 

' CV ('cE'il O! It . 

speaking th(..‘ inagnitmic 

of 

I'wr; an k‘ <■ 

90 ^; for inter^’Cctions 

0 ! 

^()llEl',• ..,ih;(t 

adhered to, but it rmi-f 

alw; 

;iys l.(. .V ' 

the more ndialilo will lx: 

: tlx 

3 r.‘Mlll <>• ElC « 

71. Sign AES. h^d 

At 1 

■'I'st d(‘ (ai]itio 


a'* lair mra'iinanents 
n tie :in;;lrs at (‘very 
^ ' / !• ]■■!( iiou-: ob|(.‘ets 
■) 1 : • ihrr,d()l;lr at A aiul 
a ar-pK,., (Ktl), 

; a.^ 1 ■(■\aar r l!ir tlilS'O 

r , , .T, ti ‘ t! a : iv!(>s KlK.', 

; 11'c . ' o to C amd nij'asure 

. e:(‘ • as. . .a ike airk^ DFIC 

' '.arr a |a.iii d(‘ a.poroarlies tlie 
• . ' to (.k I; 1 .‘Llrr. Ik'onerly 

ia , * M 1 rl V-. ceil /' and 

' a p i‘. . i., 'd e.ol 1 sliii'llv 
: a 1 ; .1 ; .:i'"k‘s are to 

11 An . 

';n: d 1-. a. 1 ai daio ab(.'iit i * > fe(‘t 
long with a roil and white O.ii; (m the to,-. ii • . a po( ,! jkni to niier^'aet si'sials 
as near (he ground as possihlte 

72. 1 \I‘DU( I'loN (.) 1 < ANC.II'S or '• -j’-. >■' It':. In ^oinc t liaev. ,les only 

two amdes arcj obseiV('d, and m ntl.i'ia 1 I'lisa. l-i i!:a loa.ns es o' th.e tw(.) 
angles are added togetlier, and the 'iim dr'lie.! f-om i,'./' loi . ), *>'.■ the third 
or supplcimMital angl(‘, simaMlie tliiee an k . oi aiiy t n*;!'' a.re togetlier (‘(jiial 

to two right aiudes or iSo’\ In tin' laiu.: (m e, t! a ‘'nm cjI tea tlirei' angles is 

compared with 180” (or rr), ain! if a..y (hite.-sn ' a.a t 1 .-iva'an ths' two sums, it 
is apportioned equally amonrst ila.* llin e ..n/da- . “d the' an;de . so eoirected arc 
employed in the computation of tin; tiian -I' .. 

73. To find the sides r/' and /; and a: o tli-a ari.' i ol any triangle AKC, 

having given its three angles A, Ik C, am- :i ^'dv* n. •■•j (I'im;. 1 :2.) 

orAi.iO \'iIn:.. 

* For tho coinput.'ilinn nf li'rro'^frint I-USnd'-s, '< ii.-i! iS.' nifl aSnvSS, (il ihi' ‘talions of a triaiv.,illa¬ 
tion, sre Table l^XX (A wilh tlv‘ i'Ap..':n ili r. . fAr t • ■ il( al. Sr; •, T.il-l- o', i dilion. 

fin orclin.'iry Irkinoail.itioii '■pl’crii al cX'i , !!■ t (--i .*'< r« bi.t i;-n’l- (riapde, ol il o liighcst 

type, the correction for spluaicii >/ ba . t-) l-o .Slowi Si l it ; 1 y it.o riik' ■ p''.i 11 < 1 < \u ■ In ■ e< "IkA =: aica ol /\ 

X ^ wlicre r is the mean r-'iijiir. of int_- carlb ia ^aav' terne. a - ilio Ai ’es, or r = 1 -e. sin. A X 

2y'^ 

coscc. I / j\ (,j. ^ sin. n. sin (o t_c. i Si.bi rli .S c'.ef'-O-:, dial, -1 from (rr-ir'. due to observation. 

2 f'- -‘'in. A e/ 

The triAnj^le is first .solved by adjip-tip. tl.i* t-t d (ro r. a • "'‘rve’, ei,ual-> anuirf the three antdes, 
reducin}^ tbeir sum to iSo^ and < nl( ulatin.^ tl'e AS , (t<‘ ! las b r i] o triaiede oi \shii !i tin* measiirernents 

arc },dven in Example 2 of Art. 7 i. ,, a iimi p il (' 'ub- ■ .it i: (>; iu t win r< liy the sides a an.d b 

would be respectively n(',<j-lS feet and led, iki • ['1'^ *^>^'-1 would Le comimlcd as follows: 

17 






aid to i.and-surveying. 

Rtde- For eiilior of ihc other sides, multiply toj^ether tlu^ given side, the 
cosecant of the angle opposed to it, and the sine of the angle opposite the side 
^^^^uirc..l • for the arcr nuihiplv together the two loiind sides, and he sine of the 
aiude included by them, and take half their imn.uel. In other words : 

^ (/ = c X I'osec. L X sin. A, 

^ c X cosee. C X sin. B, 

are.a = ?. ob. sin. C, o r o 

Example-. The angles A, B’', (.-. of a triangleABC,are respectively 13 27,85 

»<i.’ 8/-.'’ ic' -111(1 the siile <■ is i 626 I eel ; Imil the remaining sides cr and 6,also the area. 

of nmnLcrs (.»- Table XXXI “Cal- 

culatiim Tables,” ^th edition) lind the logarithms of the sides .r and c; and 
from the table of I.ogariihmii' sines t.V£.’(’ '1 able XXXII, ‘ Calculating Fables, 
'th edition) Find the logarithms of the cosecant of the angle A and of the sine 
of the angle's A, B, and C. Then proceed to work out the Rule above given by 
lo£![aritbins ; thus : — ^ 

a ^ c y, roscc. C X A 

locr. a ^ lou-. 6' + C3sc.‘c. C - 10 + Log. sin. A — lo 

— log. 1,626 + Log. cosec. So^ 45' + Log. sin. 13 27 20 

3 2 11120 + 10-005684 +9*366604 - 20 
2 58:^408 

a z=z 38 V2 ft. (the No. corresponding to the log. 2*583408, from the 
Tables ) ; 

again h ^ c % c(^sec. C X ‘"'in. I) 

\oJ^b -- log. 6- + Log. ( osec. C 10 + Log. sin. R -- io 

=. log. i 62() + Log. ('os(‘c. 80^ 45 + Log. sin. 85 4 ‘^ 20 

= 3-211120 + 10005684 + 9*998832 — 20 
3-2156^^6 

•6=1 643-0 ft. (the No. corresponding to the log. ^^'oni the 

Tables); 

also 2 area = sin. C 

.‘.log. 2 area = log. a + h)g. 6 + Log. sin. C *— lo 
= 2-583408 + 3 ‘ 2 ^ 56 +> + 9 9943^610 
^ 5’793360 

2 area — 621,384 (^the No. C(.)rresponding to the log. 5 ’ 79336 o, from the 
I’ables), 

and .-. area - 310,602 ^q. ft. , r r 

t To get acres, (hid 5-360912 (llu* complement of the constant log. for feet, 


OBSI ItV \Tll)N.S. 

Constant log. = Log coscc. i" + A. C. log 2 -f 2 x log r = i + 2 X 

8-680100 = o' 3 U^^ 5 . r’^ 

(ii. 00. 

l.og.h ... 6og. rt X 2 ... .. = o‘i35 9.16 

l^og. r ••• = Vo ‘_4 7 o<> l-og M'.i.n ... ... =1831 325 

Log. sin. A ... ... = cclj 71.1 Log. sin. C ... ... = C970 .^7 

Const.log ... ... =o-;,73 :‘»5 Log. ct.Mr. A ... ... =0*036 286 

(.on,t. log. ... ... =0373 595 

/ = 2-"62; log. c ... = n-4!7 590 , .*. c = 2*"62; log. e ... = 7 509 

*'lbc siudent must be fnrniliar withaliilb' 'J'rigonomctry, ,ns expbined in (f h.np. Ill;, .'irul with 
l.ogariihms, as expl.iincd in 1 C lino. I\’), (»r he will be un.ille to ft Ilow the working of tbe above c.x.irnplc. 
The knowledgc ot both is essential to evt rv ^um vor, as with iheir aid w- rk is greatly facilitated. To obta n 
the arc.as of ordinary fields, where such can !)•• g< t by the simple ru'es of Mcn.suralion or by plotting the 
observed angles ge‘Mnetrically on p.iper with a proir.aclor and applvmg the tali-sqnaie thereon, logarithms 
need not be employed. It isbnly wl eretlu* smvev is any-what extensive, or the area is required correctly 
and for which pin pose the .angles have been observed wnh a theodolite, that logarithms become essential. 

t As the number coi resj3''nding to the logaiithm cannot b^* carried with accuracy to more places than 
the logarithm itself, it is well to obiain tlv ;.um in acies or other l.arge unit of nusasun rnent; and since 
43,360 squaie feet i acre, and -gOvK’S'- is the log. of 43c6o, from the Tables, and to divide by a quantity 
is the same thing as sul}/r,irfi>ig its logarithm or nd'/ivg ,ts log.’s coinph ment, if then 5*3^0912 the com¬ 
plement ()1 V 639088 (termed the “ cAnntunt log ”i is added to 5-7o336(), and the C( rres[)pnding number of the 
result 1*154272 be got, this corrispoiKhng number will be double the area in acres. It is ( nly where the 
figures are large that such a phn should be foil wed, or where all the areas are taken in acres and decimals. 
If the measurements ot tin; std< s were not in feet but in links, then the /c;?-. would change to 

5-000000, as th.'it is the log.inthm of 100,000, the number of square links tb;it go to an acre, and its comple¬ 
ment W'ould also be 5*000000; and so c n .iccordmg to the standard of measurement employed by the 
surveyor. 
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4‘639oS 8) lo 57933^^) number corresponding to the result for 

double the area, as before. 

log. 2 area = 5'79336o + 5*360912 

= 1-15427^ ^ ^ ^ 

2 area := I4‘265 (the No. corresponding to the* log. 1*154272, from the 
Tables), 


and .’. area — 7*133 acres.^ 

74. Form for cai.cui.ation of TKiANCii.KS.t (hig^- ^31. 132.) (The 
three angles and one side \ being known.) 

Example /. Take the Example in (Art. 73) {see Fig. 132)- 



nothicfl ‘■iiUs, 
in led. 

1 \rc.i (ompiit.itlon. 

AB 



... 1 .. 

1 C. sin. (] 

'V* -9431« 

I’C 

lOR.lu* 

C3S340S 

1 

i,''4ro AC 

1 ’n'. AC 



1 lO t on. 

, 5*30Oi;lJ 


Example 2. Find the areas and si(k‘S of the sucec'ssive triangles ABC, 
AGO, and DCE (.sr^ Fig. 131) in tin* form for calculation given above, having 
the following measured data to comput(‘ w ith 

angle CAB = 6F' 27' 36", angle ACD - 112® 14' 03", 

ABC = 49 32 S3, „ CDA = 38 45 32, 

BCA = 69 00 24, ,, KI.)C = 79 49 51, 

„ DAC = 28 59 5 «. 1>6:K 85 38 00, 

and the base AB — 12,436*7 links. 


Stations. Observed ; n.'lcs t-r I o,; .nllnua < . In hnkT'**'’ Arc.i nmimt.ntion. 


1 

1 

0 / 


7 

0 

/ // 


4 om7')6 

I 

j w, 4 ir .7 

AB 


c 

fig 00 

34 

^ 18 

6; 

00 ol 

I., COsCi. 

It /02 -SCI 


I,, sin. (■ ... 

9 * 9701.57 

A 

61 27 

35 

— iS 

61 

21 IS 

I., sin. 

■/ '1 i;i 4 

4 *i>f';t, 1 ' 11,('M’S 

1 

I’-C ! hit;. BC ... ' 

4 ’ 067-;73 

1 

B 

! 

49 33 

53 ; 

— >7 

4) 

33 1 

I,, sin. 

9*0.81335 

1 

4 *-o 55'^4 10,12,*4 

AC j lo,' AC .. j 

4*oosS84 

i 

i j 

1 1 

iSo 00 

1 

“ S 3 I 

I So 

00 OO , 




i i 

1 1 

5*1 ooooo 






*. .irc.-i = 

: 55 C 94 ') n 

rrt's. 


2 :irca = i.iOi’Sy; *= j 

3*o437U|I 


OBSERVATIONS. 

• The nbovc cxnmpls can rUso be woikcd by obf.'iinini^ from a 'ra’i le of Nnhiral .Sines (found in most 
Log. Books), the natural sin^s of the angles A, B, afid C, and proceeding with the simple multiplication as 
reqiired by the rule; but as the mctluul alm‘st invari.ibly it.volves much lal)our and time, it has been 
deemed advisable not to introduce the system here, nor therefore has a Table of Natural Sines been ii-tro* 
duced into the “ Calculating Tables” ('th edition). 

t AB is the base of the triatig c. 'I’he system of arrangement set out in this form should invariably be 
followed, otherwise errors will be b )und to c:eep in. 

X If this is in miles, to find the area in acres : ."^inee there .are fip) acres in one square mile, the area 
must be multiplied by 6lo to reduce it to acres ; in other words, to the log. of the area in .square miles add 
the c«-nstant log 2*806180, which is the log. of 64 o, for the log. of the area in acres. 

, MM .L . ■ (foet, CO. con. log. = 5 * 36 o()I 2 . 

§ When the measurements are in | ^ Voctkioo. 

II The reason for rejecting 20 from the index, is because the tabular Log. sine of C is taken, which is 
too much by 10 Chap. IV, Ait. j.S); ^nd because the compk ment of the const.ant log. 4639088 is 
3*3609 2, to which .0 is added making it 3*3609.?. A t- tal of ?o ihert’fore has to be snbstracted from the 
sum in the area computation. This is done f‘r c-nvenience sake, and to avoid confusion with regard to 
negative indices. 
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-m ] -lo'j <"6 1 lie angles 

•A. ;.ja: "u . (•! in . I {.see Table XXXI, “ Calciilat- 
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and al n I'A’.; dll , i; . • 

a ‘ n i 1.» , 1 L . ‘ 

i: (‘ ol ] Aiearithmic sinc.s (.vee’Table 

xxxii, “ t: ! ■ Lr: 

•. . b. c bb ii; 

) i.:: ! tbe logarithm of the cotangent 
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C fis t, CO. con. lOi'. =: 5-360012. 
(links, „ „ „ = 5*000000. 
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, 13 + C i8o°—8 o°4s' 99 °' s' o - ,, 
but ^ ^ = 49° 37 30", 

B = 49° 37' 30" + 36° 10' 29" = 85° 47' 59", 

and C == 4(/ 37' 30" — 36"^ 10' 29" = 13'’ 27' oi'^* 

Having now found tlio auglt*s B and C, and knowing the sides b and Cy the 

sides a and the area of the triangle can be found, as in (Art. 73), as follows :— 

c — i,626'o feet; area 7'i33 acres. 

76. Form for calcui.ation of TRiAN(;LRS.t (h'igs. 132, 112.) (Two 
sides I and llie included angle being known.) 

Example /. 'Fake the Example in (Art. 75). {See Fig. 132.) 


_ B-C h-t A 
Tan. — . rot. - . 

2 b-t-c a 


I..,garithinic 

computation. 


c 


i = I/' 4 . 

•0 

h-c . ~ 

A 


< 383 2 

b + c ... = 

li 


A - 80 45 

ro 

A 

i 



Cor- 

i 

St.iiions. 

1 fcdllLtd 

TCC- 

Angle*; for 



.•tiiglcs. 

tion. 

c.ikulalioii. 



0 ♦ 1, 

V 

0 t n 

C 


11 27 OT 

00 

13 37 01 

A 


So 45 00 

00 

80 45 0.1 

H 


85 47 H) 

00 

85 47 59 



180 oo on 

00 

1^*0 00 00 


«, 259*8 , lofi. . I 3*100303 I 


° " L. cot. •• 10*070420 

40 aa 30 - 


V.iluo of 

n+c^ 

a 

V.-ilucf of n and C. 

0 i u 

0 i » 

180 00 01 


80 4,5 uo 

8? 47 59 

99 15 00 

C := 13 37 01 

49 37 30 



Dciliiccfl sides, 
in feet. 


Area computation. 


i,('i30*a a log, a 

I,<543*0 b log. 6 


.• .irca - 7*133 .icrcs. 


jeo, con, log, i j 5*36091 a 
a are.i t= 14 * 266 = I 1*154299 


Example J. Find the areas and sides of the series of triangles XVW, YX W 
and ZXY (see Fig. 112), in llie calculation form given above, the following, 
measurements being known:— 

ba.se V\V = 35 r4 links, 
side XV = 432'6 ,, 
angle XVW = 36° 40'oo", 

.side WY = 2777 links, 
angle XWY = 40° 32' 1", 
side YZ = 578’9 links, 
angle XYZ = 83° 00'17". 


OBSERVATIONS. 

* The .'ipporent difl'crcnce in excess of i ' in tiv* an.tjle C, and i" deficiency in the angflc B, when 
compared with the s nne .nnifles given In the example to (Art. 73), is due to the logarithms not being carried 
to a greater number of places. 

t In this Form stands for the greater side. 

B „ „ angle. 

c ,, lesser side 

C „ „ angle, 

a „ required side. 

A „ „ angle, 

and AB is the Ime of the triangle. 

The system of arrangement set out in this form should invariably be followed, otherwise errors will 
be bound to creep in. 

J If these are in miles, to find the area in acres : Since there arc 640 acres in i square mile, the 

area must be multii)licd by 640 to reduce it to acres; in other words, to the log. of the area in square 

miles, add the constant log. 2*806180 which is the log. of 640, for the log. of the .area in acres. 


, ^ f feet, CO. con. log. = 5*360912. 

§ When the measuremc.ls arc in 
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Stations, 


n- c i~c ^ A 

1,'iu. — - . rot,-. 

i f <■ i 


T.oi;.inlIiniic 
1 nniputation. 


Value of 

Value of 

V.tiues of n a 11(1 C. 

!{-(' 

1 BtC i 

a ; 

2 ’ j 



VX- 4 .U’f' 

VNV 


30 40 L)J 


\’X-V\V SlW 
VX-VW 7 Fa -0 


If.R. 
to. log. 


= jR ro 00 I- L'ot. 

I,, ^.n, 


iV'QV.ri 


36 40 on W n 89 01 2O 


loi 7 /f >.5 •• Ml 10 on X - 5 t 34 

<>•401131 17 2« 26 71 4 ’ VJ 


(’or. 

1 Prilnrctl rtv- 
j .uiglcs. ti^ n. c.ilrv.latu'ii. 


Angles for , 1 og,.iitlmiir cMiipiit. tioii. 


llcdirfil silly's, ' Are.n ro.ni)nt.ili('n, 
ill links. 



1 “ 





I 

2 - 54 ^S 2 


3 ;r 4 

V\V 



X 

... 54 

18 

14 

00 

54 >8 14 

I..r scf. 

I,)’0 0 ^ ( 




L. sin. X 

o'Qojrtsa 

V 

.. ; 3^ 

40 

0. 

00 

35 4 '* no 

siu. 

9 - 7 >v.’ 9 a 

2*412240 

2-,S' 1 

vx 

lag. WX ... 

2'4I2240 

w 

I 

01 

ar. 

OT 

' }>() 01 26 

L. sin. 

9 - 9 ).;l 7 

2 ‘fi 3 ftoS 7 

4.12 ft 

vx 

log. VW 

2-0 .6087 


1 

00 

OO 

OO 

iSO OO of) 






CO. Cell, log.* . 

S'Of O’OO 






area 

= oM?! acres 




2 

.arc.i — ij'soS = 

i’ 95 ;y 7 > 


I OBMl’LA. 

D.ita, I Log uitlnnic 

‘ , n C h-r A touiiiut.iUDii. 

I I. in. -- -- . rot. ■ 

I 2 h-tc 2 , 


V.iUic of Vnlucof 

H-c n + c 


Values of 
B.intl (’. 


: Y 

WY = 277-7 WY-X\Vts 


log. . 

• 285557 


180 00 00 



X ... ,X\V rr 25 S -4 WY-XWr, 

53ft 1 

CO. log. 

7 * 27 ^ 7^1 


40 32 01 

X = 71 «8 07 



0 » / ' 








w 

I! 

0 

0 

n 

an 10 01 

1.. cot 

10*4 12674 

. 

13 > 27 59 

Y = 6,4 09 53 



2 










1.. tan. 

8-98 IgSS 

1 34 07 

6 } 44 00 


St.itions. 

Dcdnrerl ' , Anig'cs fo- 

•''hkI'-s ^ral.‘ul..ti,.ii. 

1 

i 

l.og'iritJiinic coii.piitat.on. 

Dcfiuted'Sides, 
in links. 

Area computation. 



0 1 tf \ tf i 0 f tf 

1 

1 2 - 4 f 22_,2 


218-, xvv 




Y 

64 03 <3 ' 00 ' ft4 0; 53 

I., cosec. j 10 045731 

...... 

. 

L. sin. Y ... 

9-954267 


X 

75 iS 07 —01 75 oft 

R. sin. 1 9'9S55ri 

.’* 4 t 3 i:'; 

.'77*.’ WY 

’ng. WY .. 

2-443576 


W 

40 32 01 00 40 32 01 

I,.‘in. j m‘8ijS42 

2*270.867 

1.86- XY 

log. XY 

a'a,o 867 



iSu t'O 01 —ni ! iSo OT oO 

I 




CO. con. log.* .. 

5'oOOmo 



area 

Si 0*231 acres. 



area Li-4fi(> = j 

1-06.8710 

St.'itions, 

I'ORMT 1 A. 

Data. 

^ R-r b r .\ 

Tan. - . rot. 

2 f, + c 2 

1 

I.rg irithni c 
cnm,'ut tinn. 

V.a'ur of 

M r 

2 

Value of 
i{-^C 

V.ilnr^ of 
n.aidC. 



j 





0 I „ 

0 , « 


Z 

YZ = 578-9 YZ - XY 

102*3 

log. 

a 5 


::ln no 00 



X 

XY ^ iS6-h YZ + XY ^ 

i 

7 ^ 5*5 

c-t. lug. 

7 *ii 6 o -;5 


.81 00 17 

X= ;3 14 38 



f 1 II 

Y 

Y - .83 oo 17 , j 

41 30 02 

I., cot. 

ioV '51134 


9 ' 59 41 

Z= 18 25 o 5 



I., tan. 

9 * 76 ’ 8.7 

30 04 46 ! 

1 1 

4 '-'’ 29 SI 1 


i 

1 



OBSERVATION. 

, ^ . (feet, CO. con. log. = 5 * 3 f>Osii 3 . 

' When the measurements are in ] i- ® 

(.links, „ „ ,, — 5000000. 
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i 

i 

Drilin'dl 

(. orrre-' 
lion. 

t^ilLuUion. ‘ 

Dctliircil siilt 
in links. 

.^rc.^ coinpvit.'ition. 


” - “ 

« 

! 

2-270912 . ^ 

iS6*(S XY 
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l.S '5 nt't 


i,< 25 tin I.oi'scc.... 

1 io* 5™>178 . 

. 

L. bln.Z 

9 ’ 495 )fija 
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78 34 38 
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7.8 !4 17 [ . Mil. ... 

1 ■/JOIJII 2 * 7 <i 26 oi 

! 

S7Sy YZ 

log. YZ 

1 a*763fox 

Y 

83 f>o 17 

no 

1 

S3 00 17 , L. ^■m. 

'/i '/'755 ?* 7 ^-‘^t )45 

58^]* j XZ 

log. XZ 

2*768045 

1 


l.RO lO 01 

— nl 

iSj oO uO 

j 



ro. ron. log.* .. ' 

j 

5 000000 




. rc.i = 

: 0*530 rcM 


2 .ire.l rr; l*o72 r-; 

j 0*030268 




.“irc.! ( f MTicn - 0*454 

4 o‘2j3 = o*;,3n — 1*22 i acrcB 




77. SATia.Lrri': s tations. (Imo;. 434.) It sv.)im-tiines h.ippcns that the 
thinl station uf a tiiaii,i:;le which has been observed to from the two other stations 
is so situated that the theodoliui cannot be set up at it and has to be placed a 
short distance from the mark, at wliat is known as a “ satellite station.’' In 
.such a case, set zero to the rnae;netic north and record the bearings of all three 
stations of the triai4f:][le referred to, and also carefully measure, with a measuring 
tape, the distance on tl^: ground br tween the statellite station and the third station 
of the triangle, the necessary computation being left for afterwards. Thus, in 
(Mg. 434) 1 ( t AHC be the triangle of which the angles ABC and BAG, and also 
the side AB are known, and hjt C and S respectively represent the positions of 
the third station and the satellite. It is required to obtain the angular correc¬ 
tion, + or to be applied to ASB to reduce it to ACB ; or which is the same 
thing as applying the corrections SA(' and SP)C to the tamings of the lines SA 
and Sl^ to eet the bearings of the lines CA and CB respectively, the difference 
between the last of which gives tlu^ reduced angle AC 1C 'vith which and the already 
given data of the A ABC, iho sides AC and BC may be correctly worked out in 
the usual wav {see Chap. XII1, Art. 73). 'I'lie position of the satellite may be any 
of the four S, S', S", and S'",—shown in the diagram, and it would therefore be 
necessary to make a rough plot of the work to know how the signs + or — are 
to be applied for the corrections. 

Examples In the A ABC, L ABC, - 44" 35 ' 55 g L HAC = 120^01' 50", 
and side AB — i,9-0 feet; whence, approximately, A(" fuct and BC = 

6,269 feet (by Chap. Ill, Art. 16, ist case). Again, the bearings of the lines SA, 
SB, and SC were ob.servcd to be 110'' 48' 30", i 26"’ 06' 30", and 194'’ 08' 30"; and 
the side SC measured at 36'i 7 feet. lSb)w, in the A ASC, the L ASC = 194° 08' 
30" — i 48' 30" = 83° 20' 00", and as the sides AC and SC are known, the 
L SAC 1= 0° 24' 17" (by Chap. Ill, Art. 26, 2nd case), which applied with the 
sign — to thi! bearing of SA, gives the bearing CA = 110° 24' 13", Similarly, 
in the A BSC, the i BSC - 194° 08' 30" — 126^ 06' 30" = 68" 02' 00", and 
as the sides BC and SC are known, the L SBC =0° 18' 24" (by Chap, III, 
Art. 26, 2nd case), which applied with the sign — to the bearing of SB, gives the 
bearing CB = 125° 48' 06". Lastly, the A ACB = 125" 48' 06"— no" 24' 
13" = ^5" 23'53". 

78. Interpolation. —(i). The following solution,! by a new method, of the 
problem to find the positions of two points by observations from them to two 
known points, will be found of especial use in trans-frontier reconnaissance, where 
a Surveyor is working in a valley with fixed but inaccessible points on either flank. 


OBsKRV mions. 

* When the mc.isurements .-ire in [ 
t From the “ Auxiliary Tables ” of the Survey of Ind a. 
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Let A and B be the two known points and X and Y the points whose positions arc to be determined. 

Fig. I Fig. 2 



From the triangles B X Y and A X Y, 


B X = X Y sin. B Y X cosec. X B Y ; 

A X = X Y sin. A Y X cosec. X A Y ; 

therefore ® ^ = sin. B Y X sin. X A Y coscc. X B Y coscc. A YX. 

A X 

Thus in the triangle A B X the ratio is determined, and the included angle A X B is given by 

observation and the side A B is known, so that the sides A X and B X may be determined as follows: — 

Let tan. .v — ^ A X B ; 

then if B N is drawn perpendicular to A X, 

A M parallel to B N, 
and B M parallel to A X, 

.1 BX-.vn^N 

then Ax""-^^®"aX 

_ A M 
^ AX 

- tan. A X M ; 

therefore the angle A X M = a-. 

Now sin. A X B sin. .v coscc. (A X B—.x) = ® -.in. A X B 

B M 

_ BX sin AXB 
AB.cos BAX 

U..1. B X , A V D r> A V . 


therefore 


sin. AXB sin. .V coscc. (AXB-.>) = 


sin. AXB-- sin. BAX; 


therefore tan. B A X = sin. AXB sin. x cosec. (A X B-x), 

and A X := A B sin. A B X .s>s# AXB, 

B X = A B sin. BAX co<^ec AXB, 
and X Y is determined by the solution of the tri.mglc A X Y. 

The following is a specimen uf the form in \\hiLh the computation may be lariied out. 


BYX . 

. 1^4 

3 ‘> 

25 . . 

. log sin. 

1*0)58999 

XAY . 

. -4 

02 

25 . • 

. sin. 

i *609998 

XBY . 


20 

17 . . 

. „ cosec. 

o’ 47‘)‘;87 

AYX . 

• 55 

24 

43 • • 

. „ cosec. 

oT)844G0 

AXB . 

• 54 

23 

34 • . 

. „ sin. 

i* 9 i()jo 5 

X . 

• 47 

52 

06 . . 

. „ tan. 

oo+SSSS 

AXB . 



• 

. „ sin. 

i'()ioi()5 

X . 


. 

. . . 

. „ sin. 

1-870173 

AXB-a . 

6 

31 

28 . . 

. „ coscc. 

0 -IJ 445 I 8 

BAX . 

• 79 

^9 

39 - • 

. „ tan. 

0-724796 

Sum of B A X and AXB . 

. 133 

43 

^3 



r. ABX . 

. 46 

if) 

47 . . 

. „ sin. 

i ’858972 

2. BAX . 

. . . 

. 

. . . . 

. „ sin. 

1*992422 

3. AXB . 

. . • 

. 

• . > . 

. „ cosec. 

0089895 

4. AB . 

, . . 

. . 

. . . • 

• >» 

4*906] 88 


Sum of I, 3 and 4 
„ 2, 3 and 4 


A X 4 855055 
B X 4*988505 












XIII. TIIEOdOLITK .SU’UVEVIXC;. 


t 37 


(n) An alternative method to the preceding is as follows:— 

Take the saaio angles as In the example given in llie (irt nu'th-ul, and a snme j fojf as t’e value of 
X Y, then find out the values of B X and A X in tenns t»l it from the triangles X B Y and X A Y, thus 


Log.XY . , . 

, , . O'OOOOOO X Y. . o'OOOOOO 

Log. sin, B Y X.- i’'. 5 i %99 I.og, sm AYX.^’9^^534“ 

Log. cosec, X B Y Log. coscc. X A Y . , . . ^ o'yjoooi 

Log. BX.()4yS.j8(3 Log AX.-= ^’ 3 ‘’ 553 ^’ 

With these two values and the inc’iided angle A X B compute as below : — 

Included Angle C .. 54 23' ;4'' 


1*910.05 
o’4 ;8f^S6 

I •6944^4 


Sum - log. tan. ..‘'*■^43555 

a:.. . . . 47' 52' 06" 

(C-x) QT [x-cy D .28" 

Log. sin. C .. . . . . 1*9 0105 

I, sin. a:. 

„ cosec. Z).0*1445,8 

Sum log. (an. V.o'7.->47(/) 


7 ‘/ 3 <>" 

46' !(/ 47" 


Log. co^cr. A . 

. 


„ sin. C ...... . 

. 

. L^ioios 

» « . 

' . . • 

. 0-4^,8986 

11 

. 

. 0 5( (6) 

Known va’u^ (see previ us example) 

* • * • 

. 4'(K)f>i8S 

DilTcrencc . .. 

• * • 

• 4 * 5495^9 


Add this dilTercncc to the above log. values of B X, A X and X Y to get the correct log. \allies of 
these sides. 

A.ssumed value: BX o‘4yS(^8() A X - XY ooooooo 

Dlff. - 4'54’:5'y 4'54'5 9 Hiff. - 4 :4';5'9 

Correct value : B X = 4*9^8505 A X = 4*855055 X Y = 4*549519 


y or (180 —yy - A 
j8tr-(.l4-C) - /; 


Log. ‘iln. C . 

„ t/iC -- u) . 
Co.log. {AC -- h) 


This should be used when x is greater than C 


18 
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79. Plo'ITING. (Fii’’s. 453, 457.) Hrfoiv beginning the plot lay down In 
a corner of the paper tlu‘ scale on wliicli it is to be drawn ; then in order to plot a 
series of triangV's,as in (log. 457), nieasiiri' the length of the base AB from off the 
scale and set it down in a convenient part of the paper with respect to its bearing; 
next obtain the ('alculated lengths of the sides AC and BC from the form for 
calculation of triangles, and by means of two pairs of compasses set off these 
distanc(‘s, having first taken llu in off the scale ; from the points A and B as ciaitres 
form two arcs interscc'ting at C, and draw the lines AC and BC ; again get the 
distances CL) and Bl) and si't off the point D, and so proc(‘ed until the whole 
series is cmnpleted. Such a jdotting can be c-xeciited by nuxins of a protractor, 
without having the trouble of c'omputing out the sides of the tricangle for the 
purpose, by se tting out the angl(‘s,but such a method is at its best but rough. In 
plotting a traverse as in (big. 453), lay off the* measured length AB as before with 
respect to its bearing, places the* protractor at B and set off the angle ABC ; lay off 
on BC its measured length, remove the protractor to C, and lay off the angle 
BCD, and so proceed till the starting-point A is reached. 

80. Kxami>les in plotting. (Figs. 453, 457.) 

1. Plot on a scale of 1,000 feet to an inch, a series of triangles {see Fig. 
457), proceeding northward, of whicli the following are the sides in feet, the base 
AB being approximately in an Hast and West direction: - 

A ABC. A BCD. A CDE. A DEF. Pagoda {io cast). 
AB = 1,200 IKD = 2,024 CD = 2,539 L)K — 1,785 From h = 5,125 
AC = 1,833 = 3)Doo CF = 3)256 DF = 1,836 „ 1 ) = 3,100 

BC = 2,024 CD = 2,539 DK — 1,785 KV = 1,994 ,, F = 2,100 

2. Plot on a scale of 500 links = i incli, the following traverse Fig. 
453)1 whose dimensions arc in links, the bearing of the line AB being given = 

43'30'- 

^ides. hrivard angles. Intcrscchons. 

AB = 2,000 BAH = 127'^ 25' Tree — At A angle with B = 51^ 02' 

BC = 1,365 CI 5 A = 126 30 ,, „ n „ „ A = 44 36 

CD = 1,218 L)CB = 198 28 Temple— ,, D ,, ,, E = 50 30 

DK = 2,885 KDC = 88 27 „ „ K „ „ F = 94 07 

EK = 1,996 FED = 147 34 Fagocla— „ K „ „ 1 - = 70 00 

FG = 1,636 GFl-: = 70 26 „ „ G „ „ II = 45 03 

GlI = 2,204 HCF = 211 38 

HA = 1,690 AHG — 109 30 

81. Computation or' Heights. By computation of heights is meant 
the deducing, by calculation, of the height of an unknown station above the mean 
height of the sea, technically called mean sea level^ having already given the 
height of a known station above mean sea level, the vertic'al angle from it to tlie 
unknown station, and the horizontal distance between the two stations. Suppo.'^e 
A and B were the known and unknown stations respectively, then the relative 
lieight of B with referenct* to A would be thus found : multiply the liorizontal dis¬ 
tance between A and 13 by the tangent of the vertieal angle at A of 13 , to w’hich 
add th(.‘ correiTion for curvature and refraction (obtained from Table XLl, “ Cal¬ 
culating Tables,” 5lh edition). In the case of the vertical angle being an elevation 
add this relative iicight to, and If a depression subtract it from, the given lieight of 
A above mean sea level for a similar height of B. Then" is one other matter to be 
considered in iinding the relative height of 13 , and that is, first find the height of 
the instrument (or eye) at A and the lieight, if any, of the signal (or object) at B, 
for both must evidently affect the height in question ; the rule for obviating this 
difficulty therefore is, that— 

In Depression the height of eye is subtractive — 

,, Elevation ,, ,, ,, ,, ,, additive + 

,, Depression ,, ,, ,, object is ,, + 

,, Elevation ,, ,, ,, ,, ,, subtractive — 

The follow'ing example with the form in wdiieh it is computed coming there¬ 
after. will serve to illustrate the method of calculating heights :— 

Example.: {a) At A, a station 500*00 feet above mean sea level, the vertical 
angle of another station B is an elevation of 2° 17' 30", and the horizontal distance 
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between them 3,568'79 feet, the height of the instrument at A being 4'76 feet, 
and the height of the signal at Id being 1.J.S3 feet; iincl the height of B above 
mean sea level. 633 01 feet. 

(li) Again take the above fora .sceond example, with this (lifferenee. that 
instead of 2° 17' 30" Ixmig an elevation, it is a depression, and iind the height of 
B above mean sea level. . 4 iis .: 367'51 fec-t. 


Slat it I 


From To 


Ilori/ontal 
tlisl.inres, 
in feet. 




A ' B 


3.568 79 


Vertical 

anglc-S. 


D-2'^ 17'30" 


t'om pul. il inns 

,Kcl.'i*ive 

heights. 

1 ^ 

Reduced 

levels. 

1. 

iM'et. Fett. 

Feet. 

log. ~ 3 


Soo'oo 

, 1.. tan. Suojj S 



[ — — 



log. sum 2*151.78')-- 

+ T42‘S2 


C‘(»rrc( tion !or ciir-1 

1 


V. it ore and ro- r= 

4 - ‘26 


iV.'u tion, j 



Ilfight of evo .. — 



„ objoct ...^ 

i 


1 _ _ 

log. CS.S-3-2 


1 j 

1 -,oo’oo ' 

L. Ian. -^8 0 o.>2-S 


i ' : 

l'>g. snm = -'i 51 ; 8 ) 

-1.12-82 

1 1 

1 

CoiToction for cur ) 



vnfuro and rc* L n 

F *26 

j 

fr.u tion. J 


1 

11 eight of rye 

— 4-7^ 

1 

„ object ... 

F I 4 8>, 

1' 


Remarks. 


'i 32'49 




When both a vertical angle is observed to a forward station and the cor¬ 
responding angle to the back station, (heir mean is taken (the heights of eye and 
object not being considered if they an? alike, since tliey counteract each other’s 
effects) to obtain the vertical angle for computation ; and when the heiglit above 
mean sea level of a point is deduced from two or more other points independently, 
the mean of such results must be taken for the correct heiglit of that point. 

82.* Thf TRANSi r INSTRI'MENT. (Figs. 193, 431.) 'Hie Transit is a most 
important astronomical instrument, and is employed for determining the altitudes 
of, and times at wliich, (X'lestial objects cross the meridian of a place. The larger 
instruments, such as tluj side-transit shown in Fig. 431, are used in permanent 
observatories, wIktc th(*y an? permanently placed in the plane of the meridian, and 
with which the exact times of nuTidian passages and the meridian altitudes of 
stars arc measured, d he smaller or portable iiistrum(mts are used in temporary 
observatories, chiefly for taking the tiirn?, but also for survey purposes in laying 
down the true direction of the meridian. iMg. 193 is a representation of a small, 
portable transit, and as it is very similar in construction and appearance to the 
theodolite, a full description of which appears in Article i—61 of this Chapter, 
it is not considered necessary to re-describc it. T'he principal differences 
between the tw'o classes of instrument are tliat in the case of the transit the 
vertical circle is a complete one, so that any altitude may be obs(‘rved with it; the 
telescope revolves quite round the axis, thus obviating the n(‘cessity for lifting it 
out of its Ys, and the levels are larger and more sensitive on account of the deli¬ 
cacy of the operation of scaling for zenith distances. The teUcscopc, too, is pro- 
yided with cross-wires, which are placed at the common focus of the object-glass 
and eye-piece, two of them being horizontal and five vertical. These wires are 
illuminated at night by means of a small lamp, which throws Its light through the 
hollow axis on to a small reflecting mirror, which turns the light down the telescope 
on to the cross-wires. In other respects the instrumcnt.s are practically the same, 
and the method of using them almost identical ; so that aU that need be done 
here is to give a set of simple instruclions regarding the adjustments of the transit. 
The calculations for transit observations for the finding of time and altitude 


OBSERVATION. 

* The astronomical terms and calculations referred to in this and the two succeeding articles are des¬ 
cribed in Chapter XVI. 
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will be found in the explanation to Table LXIII of the Calculating Tables 
f5th edition\ to which reference sliould lluTeforc be made in connection with this 
subject. 

83. AnjuSTiMENTS or TiiK Transit. (Figs. 193, 431.) The adjustments 
of the Transit arc five in nuintcT. For correct obs( rvation it is necessary—• 

(1) Thai the wires ami object be in focus, [Unless this is so, a lateral 
movement of the observer’s head will cause an apparent movement 
of the wiri's ] This is called the adjustment for parallax, 

(2) That the axis on which the telescope moves be horizontal. This is 
the adjustm(int in hivel. 

(3) That the line of si^ht move in a vertical circle^ perpendicular to 
the horizontal axis. 

(4) That the centre wire be exactly in the optical axis of the telescope. 
This is the adjustment of the line of collimation. 

(5) That the vertical circle described coincide with the plane of the 
meridian. This is the adjustment for azimuth. 

First adjustment. Parallax. Focus the wire's accurately by means of the 
moveable tube which carries the ('ye-piece. Then focus to a star. 

Si cond adjustment. To make the axis on v’hich the telescope* moves to be 
horizontal. Place upon the pivots the striding leveP (which i.s a h. ng spirit level, 
stretching from one trunnion to th.e otl'.er),anci bring the air-bubble to the centre of 
its run by turning tlui footscrew wdiich is under one of the pivots or standards. 
Turn the level, end for tmd, and if the bubble retains its middle position, the axis 
is horizontal ; but if it does not, it must be brought back, half by the pivot-screw 
and half by the small vertical adjusting-screw at one end of the level. The opera¬ 
tion must bo repeated several times if need be till the result is satisfactory. 

Third adjustment. To make th.e, line of sight move in a vertical circle per¬ 
pendicular to the horizontal axis. Turn the telescope on some distant well- 
defined terrestrial objt'Ct, as a lamp t(referring). Elevate or depress the tele¬ 
scope to see whether the object still nunains bisected in every part by the middle 
wire ; if not, loosen the screws which hold the eye-end of the telescope in its place 
and turn the end round verv carefully until the error is removed. 

Fourth adjustment. To bring the centre wire exactly to the optical axis of the 
telescope. Lift up the whole instrument bodily from the Ys and reverse it, end 
to end ; if the object (referring lamp) is still bisected by the centre wire, the colli¬ 
mation in azimuth is perfec t; but, if not, move the centre of the cross-wires half¬ 
way towards the object by turning the small screws which hold the wire plate, 
and if this half-distance lias been correctly estimated, the operation of the 
adjustnuait will be complcTt'. Again, bisec't th(‘ o))ject (referring lamp- -moving 
the lamp on the ground for the purpose) by the centre of the cross-wires, and 
repeat the operation till the object is bise-eted by the centre of the cross-wares in 
both positions of the instrument, and then tlu; adjustment wall be known to be perfect. 

Fifth adjustment. To make tlie vertical circle, dcscribeal by the telescope 
when moving on its Iiorizontal axis, coincidti with the plane of tht^ meridian. 
Observer for tliis to th(‘ l\)le Star (1 FrsiC Minorif) either at. Its upper culmination 

OliSERVATIOXS, 

The value of a division of the Icv'cl scale, in the at)sencc of a specially constructed instrument known 
as the “ bubble-tester ” or “ level-trier,may be readily determined by attaching^ the level tube to a 
vertical circle (or makim^ it ride parallel to the telescope) readini^ to seconds and nolint^ the readinj^s of the 
verniers on tlio vertical arcs corn spomlin^ to a motion (of tlie erJe and level toefethcr), by means of the 
tantjent screw, which carries the bubble successively to one side and the ether of the level. The difference of 
thc.se readings in .seconds divided by the number of div.sioiis of the level duat the bubble has mem'd will 
pive ihe value of i division. Thus, suppose the ends O and L of a level so attached to a vertical circle and 
the verniers of the circle read as follow.s ; 


0 

L 

Verniers (mean) 
o'* 08' To*o" 


398 

4o*2 

47 

0 ( 8 48-6 

3 I '6 

351 

38-6 


(Mean) 34-85-d -- 3S-6" 

.*. d ^ noTb'' 



From 10 to 15 such obscrv.at;ons should be math’, at diffen nt times and under varyipjr temperatures, w'th 
various lengths of run and on different parts of the vertical circle, the mean of all of which w'ould give the 
most probable true value ** 

t Placed On a stool or other raised movable object, such as a bench or table. 
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(when the star travels from East to West) or at Its lower culmination 
(when the star travels from West to East), according to the time of the year. 
Calculate (i) tli(‘ mean astronomical time (which begins at noon of the corre¬ 
sponding Civil n.'iy) of the star’s culmination (Upper or lower), and (2) the ap- 
panail aliitiidr^ of the star. About lo minutes be fore the calculated time fix the 
telescope in position according to the altitude and look out for the star’s passage 
in the field of tin." glass. This star (a Urs(V Mi nor is) travels slowly. When the 
star is In the field of the glass bring it, if not already there, exactly between the 
two parallel horiz'Uital wires by means of the vertical tangent screw, and then 
with the aid of the azimuthal screws (which should he brought well home), at the 
exact instant of the calculated time of transit, bring the star on to the centre wire 
(of the five vertical ones) ])recis(.*ly. 'fhe Instrument will then be in the meiidian.f 
84. Cai-Culations for Time and Aftitfoi'',. Tlie following are the 
calculations for (i) Time and (ii) Altitude referred to in the 5th (and principal) 
adjustment (m’Art. 83). 

(i) For time. —At a place in X. 16^ 47' 16" N., L. 96"^ 0/ 59" E., observa¬ 
tions were taken to * tt Frsce Mi nor is {Polaris), 

(a) 0 // ihc 20th Drcivnbcr — 

R.A. = 1 Ji. 20 46 93 s. 

Dec. ^ 88" 45' 367" N. //. vi. s. 

R.A. of ^ + 24 hours ... = 25 20 46’93 

R.A. of 0 (Sun), or sidereal time' 
at mean noon = 18 34 42*38 
Correction (constant) for Long. E. ' = — 18 33 39*21 
= 96-13305°'^- 0-6571 s. = — 

1 nr 3*17 .S'. J _ 

Sidereal time of'“^’s culmination (upper) = 6 47 07*72 P.M. 

Mean astronl, time of *’s culmin. = 6 46 01*02 P.M. 

(b) On the i(^lh January iSg 6 — 

K,A. = 1 //. 20 nr 29*15 s, 

Dec. N. — 88'45'38*26'". /l nr s. 

R A. of * -f 24 hours ... = 25 20 29*15 

Jr nr s. 

Sidereal time at mean 

noon 19 49 36*99 V = — 19 48 33*82 

Corrn. for Long. E. 

(coii'dant) = — 00 01 3*17 , 

Sider(‘al time of ^hs upper culmination = 5 31 5 S' 3.3 

t In making observations of transits, the timos may be noted by the rye anil ear molhoj, or a 
chronograph may be employed. In the former method, as the s»ar enters the field the hours and minutes 
.are written down, .and the seconds are counted In' listening to the bents of the clock (or chronometer). As 
the star crosses the wires the number of sec»)nds counted is written down. It is possible iti this way to 
reckon to the tenth of a second. In flu* st'cond method, hv whidi it is possible to subdivide a second of lime 
with much greater aecuracy th.nn with the c\c and cm ah nc, electric currents are employed. A metal 
cylinder is covered with clotli, over which a piece of paper c:in be strtUbed, and is made tv) revvdveby means 
of a clock whiv'h is regtd.ited hy vanes. P.elow the cylinder ami paralh*! to it is a screw carrying two 
elert»-o*magnfts, and this is made to lot.iteby the same clock wli'-ch dri\’es tlie cylinder. 'I'hc armature 
of each clcciro-in.agnet is connected with a pricker for marking ihocylinder. One of the electro magnets 
is connected w itli the sidereal clock in such a wav that .1 current is sent through it every sccf nd, and the 
other is connected with a key, hy means of which llw' ».])setvcr can S('nd a current through it at any instant. 
All the connections being m.ide and the cl(»ck slaited, the dock magnet traces a spiral of pricks on the 
paper at intervals of about half an inch, .a double space being left .at the end of each minute. When a 
transit observation is made, a series of extra piicks is m.adc on the cylinder abingsidc the others. The time 
at which each of the pricks w.is mach* is then ascertained by first counting the number of whole seconds 
which have elapsed since the last double space, and then measuring the distance of the prick from the 
beginning of the last second which gives the fiaction of a second. When the apparatus is*started, the hour 
and minute is marked on the fir.st dvmble sp.aco. If an Assist.int is employed for reckoning the times of 
transit as shown by the chronometer, shortly before tin* ohserv.alion the observer should warn the Assist.ant 
to stand by the time-piece with the w'ord “ He.ady”; as the star nppro.aches the wire the W'ord "Court” 
should be given; and when the slar crosses the wire the w'-^rd " Stop” should be made use of; in this way 
the cx.act chronometer time of transit would be obtained. 

For greater .accuracy, and to multiply the ch.anccs of observation, the transit is taken over several wires 
(in sm.aller instruments usually five) and the mean t.akcn. The time t.aken for a star to cross the field of 
view depends upon its declination. The equatorial interval is the time t.aken for an equatorial star to transit 
from wire to wire, this being shorte'r than for any other st.ar. The equatorial int''rv.al can be obtained from 
the interval for any star of known declination by mu’tiplying the latter by the cosine of the declination. 
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Corrn. (constant) for forward lower 1 
(ailnin. in end half of the 
astronl. day (iSlIi Jany.), or i.st 
half of the correspondiii<^ Civil 
(lay (iQth Jany.) = I (3 i/t. 
56-56 i). ^ J 

Sidereal time of ^’s low(‘r (ailiiin. ... 

Mean astronl. time of *'’s low(*r) 
culmination. ) 


//, m. s. 
o 01 58*28 


5 29 57’^^3 A.M. 
5 29 3*00 A.M. 


(ii) Fok ALTiTrpK-'MUi place in X. 16'’ 47' 26", L. qCf 07' 59" E.^ obser¬ 
vations were taken to * a Urstv .(Jiiion's {Polaris). 

{a) On the 30th December iS(jS — 

Dec. N. = 88%5' 36*7". 

Apparent Altitude (reckoned horn S.) of * = 

Co. lat. + iSk Dec. + Refraction = 

(90^ - 16^ 47' 26") + 88° 45' 36*7" + 

Refraction = 161° 58' 10*7" + Refrac¬ 
tion. 

App. Altitude (reckoned from N.) = 18(3° 

— 161° 58' lo y" + Refraction = 18° 01' 

49*3'" + 2' 57*3'^ ... = 18° 04' 46*6" from N. 

(i) On the i<Sth January iSi) 6 -- 
Dec. N. = 88° 45' 38*26". 

Apparent Altitude (reckoned from S.) of * at 
upper culmination = 180° — (73° 12' 34" 

+ 88° 45' 38*3") + 2' 55-6" 

= iS° 1' 47*7'^ + 2' 5s’s'^ = 18^ 04' 43*2" from N. 

P.D. = 90° - Dec, N. =^90° 88^ 45' 38*3" 

1° 14' 21*7". 

/. Apparent Altitude (from N.) of * at lower 
culmination = {180° — (73° 12' 34" 

+ 88° 45'38*3") - 2 X (1° 14'21*7")} 

+ Refraction = 98° 01' 47*7" —2° 28' 43'4'0 
+ 3' 26*6" ... ... = ^ 5° 36' 30*9" from N. 


CADASTRAL SURVEYING. 

85. Cadastral Surx’I'yi.ng kxpi.aini-:d. As so much cadastral, or field- 
to-field, surveying is now-a-days carried on everywhere, it may not be out of place 
here to briefly describe th(j system as followed by regular survey parties. 1 he 
surveys are all large-scale ones, generally 16" = i mile,* but sometimes double or 
quadruple it, and even more than this. The 16", however, is what we arc parti¬ 
cularly concerned with, although the methods apply equally to all except that the 
measurements have to be made with greater care the larger the scale of survey. 
For the purpose of this particular class of 16" survey, the work in it is divided into 
two sections, namely, the ireiverse and the cadastral. The former concerns itself 
with the theodolite portion and supplies the necessary skeleton plots of the poly¬ 
gons laid out by it for the detail work that is to follow, while the latter consists 
of theof all the requisite topography of the country on the plotted 
sheets afore.said. The out-door duties of both st:ctions are performed in the field, 
or dry season, and tho ollice work in the recess, or wet season of the year; the 
field-season being usually somewhat longer than the recess. To distinguish between 
the two classes of surveyors engaged on the work, those employed on the traversing 
are called “ traverse ” or “ sub-surveyors ’’ and those doing the plane-tablings are 
known as “detail” or “field-surveyors.” These have their inspectors to check 
their work, while a rt^spcnsihle officer is placed in charge of each of the sections, 


OBSERVATION. 




Or 5 chains (Gunter’s) to i inch, or 


_ I- 

3.‘.;6o* 




Xllr. TIIKODOLITK SURVEYING. 


143 


who, in their turn, arc controlled by a third o(hc(*r in complete command of the 
combined operations. Much of the present subject is duly treated of in prc'vious 
chapters, more especially Chapters Ml, IX, XI, Xlll, XIV’ and XVI, so that the 
matter dealt with before will not now be repeated, but only that written upon 
which imniediately ndates to the particular class of surveying heiein refcTred to. 
With these preliminary n.-marks, the following instructions on th(‘ pros(‘cution of 
traverse and cadastral surveys will, it is hoped, prova; useful. A large polygon, 
from 50 to at the outside 200 square miles in area, termed tlie “ main circuit,” 
is first enclosed by traverse. This is then subdivided into smaller polygons called 
^Willage traverses,” of from 1 to 2 square miles in extent, of whii'h plots are later 
on furnished for the detail survey. Tlnese plots are prepared on standard sheets of 
imperial paper having one-inch co-ordinate squares marked on them in faint blue 
lines, to facilitate the work of plotting. 

TRAVERSE SECTION. 

(i) The Field Season. 

86. Manner of observing with the Theodolite. (Fig. 363.) Set 
up the theodolite over the station mark, placing the stand firmly in position; 
centre the instrument, remove the cap off the object glass ; brush the limbs and 
verniers free of dust; obtain distinct vision of the wire's in the cye'-piece, eliminate 
parallax, level horizontally, then vertically, and finally, set zero to the magnetic 
north. The theodolite is now ready for use; if from any cause the level is found 
displaced dining the observations, it should be re-levelled and (he singles observed 
anew. It is a good practice to ijxamine the level after thii observations have been 
completed at a station, to satisfy yourself as to the value of the angles. Having 
had flags set up at the stations to l)e observ(‘d at, imclamp the upper horizontal 
clamp, turn your telescope to the back flag, and clamping it, work the flag gradually 
to the intersection of the wares with the upper horizontal tangent schtv, record the 
readings of the three verniers in your fudd-book (given below), and loosen the 
upper clamp. Again turn the telescope from left to right, and similarly observe 
the forwaard flag, recording the readings of the verniers, as before, in your field-book. 
Now allow the upper clamp to be fastened, loosen the lower horizontal clamp and 
turn the telescope round again from left to right, by means of the lower horizontal 
plate, till it points to the back flag; clamp the lower clamp and with the low'cr 
horizontal tangent screw^ intersect the flag. The reading of the limb is yet what 
it was when the foiavard flag w^as observed; now unclamp the upper clamp, turn 
the telescope from left to right to the forward flag, clamp the upper clamp, 
observing to the flag as before, recording the vernier readings in your field-book. 
This is termed tin* “ double angle.” Take out the means of the three sets of the 
vernier readings and write them in the column to the right; then subtract the first 
from the second reading, and the second from the third reading for the interior 
.angles between the two stations and enter them in the column to the left, as showai 
in the field-book below. When one reatling (as in the case of the third reading of 
the field-book) is smaller than that wdiich has to be subtracted from it, 360"^ has 
to be added to the former bedore the .subtraction is made. If the two .angles differ 
from each other by T, the process of observing the angle between the tw^o stations 
must be repeated, once or oftener, as necessary. 1 hat is, the reading of the 
forward flag must be brought and set to the back flag as before, and the reading 
of the forward flag then re-observed for the third time, called the ” treble angle,” 
and so on. In the case of a trijunction station, a third flag w'ould also have to bo 
observed to; but here a single reading of vernier A, with the zero set to magnetic 
north, need only be read and recorded. When any conspicuous objects have also 
to be observed to, two observtations to each must invariably be made, theobserva-* 
tions being made in serial order from left to right commencing with the b.ack 
station, first on the original zero set to ihe magnetic north, and then on the reading 
of the forward station set to the back flag. Having completed the observations 
at a station, remove the theodolite into ils box and proceed to the next station of 
observation. 
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87. Index plots. Traversosurveyors should by means of a protractor 
make rough angle plots of their work as tln^y proceed, on the scale of 2" = one 
mile ; these serve as an index to the I'wins in olKce and facilitate work. 

88. Skei.EToN TUAVERsE. Traverse-surveyors make only a skeleton 
traverse, taking no offsets ; the latter is left to the field-survi^yors to do. 

89. Responsibility for chaining. Traverse-surveyors are held 
responsible for the chaining of their chaininen, and they should therefore sec that the 
men understand their duties and perform them properly. 

90. Testing of chains. .Surveyors are usually provided with three 
chains —one a test chain (Gunters) 66 feet long, which is not to be used for mea¬ 
suring distances, and two, one a 66 feet Gunter’s and another a 100 feet, for the 
double measurements required. Both these chains .should invariably be tested, 
and if necessary rectified, with the test chain eviTy morning before starting for 
the day’s work. Once a month, when the surveyor vi.sits the camp oflice, he 
should bring his test chain with liim and have it tested with the standard bars kept 
there for the purpose. 

91. Intersected points. While traversing, any objects of importance 
.should be observed to and llxed from two or more stations (three at least, \\hcn 
possible), such as G. T. points, pagodas, conspicuous trees, etc. When the object 
observed is at a great height, as a hill, it will be necessary, in order to determine 
its altitude, to observe a vertical angle to it. If it is found that prominent points, 
which it is necessary to determine the positions of, cannot be seen from any two 
stations of the traverse, they may be fixed by a .system of triangulation based on 
one of the traverse sides by observing the angles alone of the various triangles 
thus formed. 


92. G. T. St.VTIoNS. The main circuit surveyor should invariably connect 
all G. T. stations that are situated within reach of him. 

93. The TRIANCJULATION system. Sometimes it unavoidably happens 
that the fu'ld survey precedes the traverse surv(^y, working on the triangulation 
system. The travtu'se^-surveyor must in this case take up the interior surveyor's 
stations. This is a si//c qua non. The system rcfc'rrcd to has sometimes to be 
resorted to, although this rarely happens, wdien the traverse camp is unable, owing 
to any cause, to provide the cadastral camp with a sulficiency of plots to keep all 
the field-surveyors in work. Two conditions may present themselves in this 
regard : (i) the traverse-surveyors may have already gone over the ground, laid 
dowai their survey-marks, and completed their angular and linear measurements, 
but after this a sudicieiit time has perhaps not elapsed to complete the necessary 


calculations and prepare the plots; or (ii) the traverse-surveyors may not yet 
have entered upon the ground. In the former case it wall be essential for the 
field-surveyors to pic'k up all the stations met with in the village under survey 
either by sight-vane measurements and the re-chaining (with double measure¬ 
ments) of the traverse lines, or by adopting the stations as the apexes of the 
triangles into whi('h tlui land is broken up for the purposes of the detail survey, 
or partly by each of these methods. In the latter case the field-surveyor will 
ordinarily carry his lines along the boundary of the village, just as would have 
been done by the traverse-surveyor himself, and then lay out in the inteiior of the 
village a series of Large and symmetrical tri.angles to suit the rcquiiements 01 the 
work in hand, upon which to base his detail .survey, llie stations thus laid 
in the course of his w^Dik both on the boundary as well as in the interior of the 
village should be marked in some conspicuous and fairly lasting manner, as by the 
burying of a stout post, 3 to 5 feet in length, in the ground, covering the ba.se 
of it with earthwork a foot or so high, and digging a narrow trench all round 1 . 
These would be capable of being readily found and picked up for his own work 
by the traverse-surveyor when he entered upon the ground to do the traverse ot 
the village. As soon as the survey of a village is completed in this manner 
by the fidd-surveyor, a trace of the sheet or sheets belonging to it, as the case 
maybe, should be prepared on tracing paper and forwarded without delayby 
the officer in charge of the cadastral camp to the officer m charge of the traverse 
camp. These traces are supposed to show the boundaries of the nf 

of cultivation, and principal topographical features, together wi 



146 


AID TO LANO-SURVKYiNCi. 


villai^'cs, cnH'Iss, clc. All the station-marks fixed right round tlio boundaries of 
villages and which are to be taken up by ihe traverse-surveyor should be shown by 
the inark r\ and ('onneeU'd \\ith (‘aeh otluT by firm blue lines, {ho nunaining station 
marks in tlie interior of the villages of the caitire triangulation should be shown by 
th() mark © and e(uui(^et('d vith each other according to the field-surveyor’s chain 
lines by dottcal lines. The traces will be most useful to the traverse-surveyors 
and will enabli^ tlumi to pick up tlu^ boundary stations, or as many of them as 
possiliKa and thus conn('ct on the field-w’ork properly. It is important, howx'ver, 
that some of the stations of the net-w'ork of triangles are picked up, as far as can 
be, on o])posite sich’s of the village; this w'ould c'nsurc almost absolute accuracy 
in fitting the work off the original sluxTs on to \ho plots to bt^ subsequently 
supplied 1 )V th(^ trav(‘rse camp. This is said because? in some instances it might 
be found that the triangulation-work is confined to the centre of a village and the 
boundarv statieuis are entirely, or almost entirely, laid down by sight-vane merely, 
and some of these ('onnecte.al on witli tlu' net-work of tiiangies by sight-vane also. 
W ork done? on the triangiilation syst(?m, whelluu’the stations have been previously 
laid down by the traverse section or afterwards, is nt'C(?ssarily slow^ ; and the 
surveyor> who are entrusted with siudi work should be well instructed in their 
duties, as much judgment is required to do the survey in an eflicient manner. 
Wdierc pat('hes of detached work don(? on the triangulation system are situated 
at l(uig distances from main circuits, and wdiich it is desirabk? to connect, in an 
in(‘xpensive manner, with th(? main work, these may be so connected by a series 
of what are known as unclosed traverses, emanating from a station of a main 
circuit and joined on to a station or stations of the detached W'ork. In this W'ay 
the detaclu'd work is ('apable of being accurately mappeil ; but as there can be 
no absolute check on the work of an unclosed traverse, tlie duty of executing such 
a survey should only be entrusted to a trustworthy surveyor. 

94.'^ OiiStKVATioN oi- AZIMUTHS, (big. 448- 489a.) It is desirable to 
choose stars of 1101 th declination only for azimutli purposes, but not exceeding 
the co-latitude of the statiem ; and also to observe the? star at an altitude of 
betwemi lo^ and 2^'\ Never less than tw'o stars should be observed at any one 
azimuth .station, bor places, owing to their distance from an encampment, it is 
found inconvenient to visit at night, the sun may be observed for azimuth ; in this 
case afternoon observations arc preferedde, owing to there being le.sser refraction 
then, to morning (Uics. 'There are several large stars w hich may 1 )C observed 
early of an evening, or in the morning when there is just sufficient daylight to 
enable an illuminated referring mark to be seen, and also to enable the wires of the 
theodolite to bt? seen without illumination. In such cases the angles may be 
measur(?(l with no more trouble than if a terrestrial object wvas observed instead 
of a star. W hen selecting stars for observation, a reference should be made to 
the star charts given in bigs. 488 -489^7! or those given in maps l.XXII 
and LXXIII of the “ (Tdculaling Tables” (5th edition) ; these contain all the stars 
of the first, second, and third magnitudes, while the stars that are encircled in the 
maps referred to, and which also show^ stars of the fourth magnitude, arc Nautical 
Almanac stars. 

93. Condi iiOiNS ul^^ .v 'rRAVi':K.si‘:.]: The conditions of a traverse are— 

(i) that the sum of all the inward angles must be equal to twice as many 

right angles as the figure has sides, less four right angles ; 

(ii) that the sum of the northings must be equal to the sum of the south¬ 

ings ; and 

(iii) that the sum of the ea.stings must be equal to the sum of the w^estiilgS. 

96. Limit or im<kok. 'The limit of error, in regard to the distances oil 

the meridian and perpendicular, allowed in practice is one link in every 10 chains 
for vill age circuits and I a link for main circuits ; in angular w^ork it is one minute 
in every live? angles for main and minor circuits, and one minute in every three 

OHSKUVATIONS. 

* The tistrniiomical terms which occur in Arts. 04. I20 and 126 aro explained In Clulptcr XVl. 

t Rii;*'. .-md.i-S. , arc for use in ihc imrilum and 4SSa and 4S(/z in I lie southern terrestrial hcrrtb 

sphciCH, and respcct vi ly refer to the; imojei tions about the northern .'ind southern cclcsUal poles. In thd 
Iorin<T ihc north and in the l.-illcr the south polar re^^i' ns arc wholly exhibited. 

X .SVtf idbO Chapter XIV, Art (j. 
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anglos for vlllaoro traverses and sub-traverse lines or '' purdahs.” If greater correc¬ 
tions than these be required in the traverse compulations, a rosurvey becomes 
necessary, although practically errors of 50 pea* cent, ovc'r and above llies(' limits 
would not affect tlie quality of the work to any appiau'iabb^ (‘xltsU -and under 
certain circumstances there would be no objection to atlopting the higher percent¬ 
ages as the limits of the work to be pass'al. 

97. Signacs. The best d(\s('ri|)linn of signal for obscaving to with the 
theodolite is a thin straight bamboo about 10 or 12 f(‘(^t long with a red and 
white flag on the top, and an iron spik(^ fixed at tla^ bottom. It is a good plan to 
intersect signals as near the ground as possible. W'lnax^ owing to tlu^ nature of the 
undergrowth or other cause, this cannot be done, a finii string of the length of the 
bamboo, with a stone or other heavy object as a plummet suspended at one end of 
it, should be let drop from the top of the bamboo, and ('are should be tak('n that 
the staff and the string correspond all the way down ; tin’s would ensure the per¬ 
pendicularity of the signal. 

98. Sizr: OE VILI.AGIC The village area most conveniemt for survey 
purposes is about i square mile, and should not ordinarily exceed 2 square miles ; 
but where the village contains nothing but forest or otlnu- jungle*, thi'ia.' would be 
no objection to having the area even larger than this, up to 4 scjuarc miU^s or so. 

99. Village noUNOAR IES. Conspicuous natiral features of country should, 
wheni such exist, be adopted as boundaries of villages, unless the adoption of thcmi 
would make the areas of the villages miu'h in (‘xi't^ss of 2 squan; mil(\s. 

100. Numbering of pipils. All pipes buried in tlu? ground to represent 
theodolite station marks should be numbered, the rc'quisitt' figures being written 
on the outer portion of the pipes which projects abovi* the surfacti of tlu* ground 
with a little coal-tar applied by im^ans of a small sti('k. The same number should 
be written on a slip of paper and placed inside tlu^ pipe a couple of inches or so 
below the top of the earth which is to be ramnu'd insifle (‘ach pipe. 

101. System oi< NUMIU'.rinc'i stapions. Itvery main-circuit surveyor 
and every village-circuit survayvor should be givcm a disiinctive letter, as A, C, 
etc., so that his stations might be capable^ of recognition on the ground. Each 
surveyor should assume this lett(^r as his distinguishing mark along with the 
serial older of numbering he has to adopt for all the pip(*s imbedded by him in the 
traverses during the entire season. Thus surveyor !> would number all his pipes 
AvhatsoeveV, as laid down by him, Hi, B2, and so on up to the (md of the field- 
season. The references in his field-book to these stations should be shown with 
the corresponding numbers therein. Where the stations of another surveyor 
are picked up, his numbers should be invariably adopted, no fresh numbers being 
given in such cases. The only distinction to be observed in the use of the letters, 
and this is material, is that all main circuit stations should be denoted by capital 
letters, as A, and village-circuit stations by small letters, as /;. In the traverse 
computation forms and the 16'^ and 2'' plots the same numbering as adopted by 
the surveyors should be preserved, otherwise confusion would most probably 
result. 

102. Line-cutting. If a creek is fringed with forest or jungle, not more 
than 10 chains wide, the lines should run outside the jungle. If the jungle is 
more than this in width, the lines should follow the creek, while another set of lines 
must also run outside the jungle. For main-circuit lines, or sides of the greater 
polygons, about 20 chains arc best lengths. A main-circuit should run along 
bouiiclaries as much as possible. A line-cutting chainman must be thoroughly 
up to his work. A good line-cutter will take advantage of all high ground for his 
stations, and will avoid low spots, which are apt to be covered with Avater; along 
the banks of rivers and streams stations should always be placed above higli water 
mark. He would at the same time select his lines in such a way as to necessitate 
the least amount of jungle-clearing. He will fix his flags so that they can be 
intersected near their bases. Al^oiit 10 chains arc the best lengths for village 
lines, or sides of the lesser polygons. In all traverses, the longer the lines are, the 
better wiU the work close ; but the requirements of the detailed survey have also 
to be kept in view. When a cultivated village is more than 40 chains wade, it 
should be divided, with one or more sub-traverse lines as required, running through 
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it in convenient and suitable directions. Sub-traverse lines should be about an 
equal distance .apart from each other. Where the line-cutting through jungle in 
a village is found to be heavy, it will often be found possible to get the cultiva¬ 
tors of the neighbourhood to assist in this work. Opportunities such as these 
should .always be taken advantage of, as the progress of the work is thereby much 
expedited. 

103. Fixing ST.VTIONS. In fixing st.ations traverse-surveyors should 
select them in such a m.anner th.at field-surveyors will derive the in.aximum amount 
of advantage from the stations so fixed, also so that pagodas and other conspicu¬ 
ous objects can be intersected from them. The speed of a field-surveyor greatly 
depends on how the theodolite stations are situated for his work. If a village is 
surrounded by jungle, the cultivation should be bounded by theodolite stations. 
When a village boundary is not a natural boundary, but runs through jungU;, the 
survey will follow it of course, but another set of lines should run outside the 
jungle. In the_midst of cultivation survey stations should be fixed on field boun¬ 
daries and not inside fields, and preferably at junctions of field divisions. Along 
village boundaries theodolite stations should be established on the salient .and 
re-entering angles of village limits. 

104. Rough Cii<CI.E-MAI>S. The line-cutter’s guide to the boundaries of 
villages are the rough circuit maps previously supplied to him and the posts which 
have been put up in adv.ince at every bcsid of tin; bound.iry. These posts should 
have a rim of paint round them, and should not be put up .along natural boundaries, 
such as creeks and roads. St.ations should be placed at posts where possible. 

105. Tr.WRR.SR I.I.S'RS. These should run along the boundaries of 
villages exactly, where this is possibha Where a river forins the bound.ary, the 
lines'"should be run on both sides for the two villages. The lines should be taken as 
near as practicable to the banks of rivers within / or 2 chains of them and certainly 
not more than 5 chains distant unless there was cultiv.ation on the outer side to 
within a distance of 10 chains, when it would be advisable to hug the cultivation 
and thus save excessive line-clearing. Where a range of hills forms the boundary 
between two villages, the line, should be run along the ridge which sep.arates the 
villages ; another line should be run along the' foot of the hills bordering on 
cultivation. Blocks of cultivation should have lines running along the borders or 
through the centre, depending entirely upon the size of the 'blocks'and the general 
run of the ground. Sub-traverse lines running more or less parallel to "each other 
should, in cultiviited tracts, not be more than 30, or .at the outside 40, ch.ains apart. 
The dist.ance betw en two adjoining stations should average about 10 chains 
length. Circumstances may necessitate lengths varying from 5 to 20 chains, 
but the latter distance should not be exceeded. Through or by cultivation, village- 
sites, and the like, the distances should not ordinarily be much over 10 chains, 
as starling and closing points will be chiefly required here for the detailed survey. 

106. Permanent m.\rking or S'1'.\tions. Every theodolite station 
without exception should be permanently marked by the use of some lasting 
material, such as a pottery cylinder (which may be 18" long X 5" diameter 
at either end X 1 thickness of cl.ay). Such ,a pipe should be buried in the 
ground to the extent of 14 , four inches being allowed to project above the 
surface of the ground. A wooden peg should be driven inside this and the pipe 
well rammed in with earth. A mound of earth 3 feet high should then be raised 
over the mark with a trench dug all round; this would ensure the better preserva¬ 
tion of the station. Each of the pipes or other simikar mark thus placed should 
have marked on the outer side of it on the part projecting above the surface of 
the ground, with coal-tar, the serial number and letter by which it is to be 
denoted by the surveyor in his field-book. In some parts of the country it may 
be a matter of great difficulty, or one of excessive expenditure, to get clay pipes 
manufactured for the permanent marking of survey stations. In such cases, 
stone, cut in the shape of right prisms, say 18'' in length, with equilateral 
triangles of 4. 3 .T sides at the ends or any other suit.able material, may be 
employed instead. In a rocky country it may be possible to utilize prominent rocks 
and stones for survey stations, when the necessity for imbedding pipes would 
no longer exist. Rocks and stones so selected should have cut on them with a 



XIH. THEODOLITE SURVEYING. 


149 

sharp piece of iron tn situ, just as Is done in cases where masonry wells, walls, 
etc., nre similarly made use of, a small circle having two diamt^tiir lines drawn at 
right angles to each other with a whoh; punched in the centre, to mark the posi¬ 
tion of the station. But in studying economy of money in this direction, that 
of time is also to be considered, and only such rocks should be so made use of 
for stations as are conveniently situated for the survey lines. It would hardly be 
worth while, for instance, to take lines out of the way of th(‘ ordinary survey 
requirements to get to a rock to convert into a survey station, or to cut extra lines 
through jungle in order to take in a particular rock for a station. The only 
exception to be made in regard to the permanent marking of all survey stations 
should be when the work is being carried through hilly country, or through 
heavy forest jungle, where the survey lines are necessarily small, often as short as 
I and 2 chains, that it would manifestly be a simple waste of money to carry out 
the rule in question. For such cases it would be sufTicient to permanently mark 
stations at about every 10 chains or so apart only, care being taken to so mark 
all the trijunctions and ''jawabs,'' or adjoining stations, whatsoever. For stations 
not permanently narked, good stout pegs should be imbedded in the ground 
instead of the pipes. In the field-books and jdols permancmtly marked, sta¬ 
tions should be shown by the symbols A©, according as a pipe has b(‘en 
employed or a mark on a rock or other material in sifu, and by the pLiin © for 
the temporarily marked stations. In this manner a considerable saving of both 
time and money might be effected. If pipes are imbedded at stations before? 
observ^ation, well and good ; but where circumstances do not allow of this being 
done, great care should be taken to sec that the person entrusted with the 
subsequent imbedding of pipes docs so at the cornet points only. 

107. Use of charcoal. A handful of charcoal or broken red-brick 
might with advantage be put inside each cylinder which is imbedded in the 
ground to mark the stations. Such a system has been found to work well for the 
purpose of the identification of the exact positions of marks on the ground, where 
the pipes have been purposely shifted by interested parties, or have been other¬ 
wise lost or destroyed. Surveyors should not fail to attend to this matter; 
charcoal is obtainable in every village, and in the heart of the jungles can be 
easily made on the spot by burning sufficient wood, which is found in abundance 
everywhere, for the purpose. 

108. Plotting of stations. The plotting of the stations on the i6" 
sheets of a village should be so done as to allow ample room for the detailed 
work to be introduced afterwards. Paper, however, should be economized to the 
utmost, as far as can be judged from the rough 2'' index plots of the traverse- 
surveyors and on which It would be advisable for the traverse-surveyors to intro¬ 
duce the approximate boundaries of the villages surveyed by them, d'he following 
symbols should be employed for denoting the positions of survey stations on the 
sheets, namely, for stations permanently marked by pipes (including stone or 
other material which it may be found more convenient to use in places, instead 
of pipes) by a small equilateral triangle, thus A ; for those cut in situ on rock, 
masonry wells, walls, house-tops, bases of pagodas, and the like, by a small 
circle with two cross lines running through its centre at right angles to each other, 
thus @ ; and for those temporarily marked by wooden pegs merely by a small 
plain circle, thus ©. All such symbols, togctlier with station letters and numbers 
and traverse lines, should be entered in the sheets in blue paint, while the head¬ 
ings of the sheets, village names, and references should be in black pencil alone, 
before the sheets are forwarded by the Traverse to the Cadastral camp. 

109. Imbedding of pipes before observation. Pipes should invari¬ 
ably be burled at survey stations before observations are made with the theodolite. 
This rule is important. If, however, owing to any unforeseen cause, it is not found 
possible to bury the pipe before observation, a short wooden peg should be inserted 
in the proper place in the ground and observed over; while six smaller pegs 
should be driven into the ground about 2 feet away from the centre peg, equi¬ 
distant around it, and so that a line drawn from one peg to the corresponding 
opposite one may fall exactly over the station mark at the point of observation. 
If these smaller pegs are correctly placed, the three cross lines formed by these 
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pairs of pegs respectively should Intersect at the centre point. Afterwards, when 
pipes were procurable, a rc'sponsible chainman or traverse-surveyor should be 
sent round witli a sketch map, to replace the temporary marks referred to by per¬ 
manent ones; this work should he carefully ptrformed and the final position of the 
imbedded pipe well tested by means of the six smaller pegs previously laid down. 
If thought lU'Cessary, by way of a further precaution, the man to whom the duty of 
replacing marks is delegated might be provided with a w^ooden framework, in 
the shape of an equilateral triangle or a square, of 2 feet sides, with which to fix 
the pipe in position. This would be done by placing the framework in position 
round the mark before extracting the peg, and by leaving it there undisturbed till 
a hole has been dug and the pipe placed in its proper place and well secured and 
tested before removal of thii framework. 

no. Chaining distances. All traverse lines should be measured twice, 
with two chains, one a 66 feet, and the other a 100 fed one. Thr measurements 
should be made by four chainmen, two for each chain, and both their figures 
recorded in tlie field-book, as shown in the form given in Art. 86. The 
calculations in the office refer to the Gunter’s chain measurements ; the surveyor 
should similarly convert the feet measurements into links by Tabic II of the 
Calculating Tables” (5th edition), and if it differs by more than two links in lo 
chains from the other, the distance should be re-measured by both chains, and 
their value also entered in the fudek-book over the first entries. In the chaining of 
distances one chain should always be made to keep ahead of and the other to 
follow the observer. At trijunction stations, lines belonging to an adjoining finished 
circuit need only be measured once, with the Gunter’s chain, for record of the 
distance in the field-book. 

111. Entries to be in ink. All entries in the angle-books and field- 
books ought to be In Ink only. Erasures should not be allowed : where corrections 
become necessary, these should be made in Ink ; for, although the books may not 
present a perfectly clean appearance in this way, the entries in them are more 
reliable. 

112. SuR\’EYEn AREA TO BE KEPT TO LEFT. In executing the traverse 
survey of a main circuit or of a village, the area surveyed should always be kept to 
the le/t of the observer when going round the circuit. 

1 13. Starting points. In starting the survt‘y of a traverse, the surveyor 
should always start operations, wliencver possible, from a trijunction point, that 
is, from a station that is or may become common to three village traverses; in 
the case of two adjoining villages bordering on the sea, the stait could not 
perhaps be made from any other than a hi junction point. 

114. Specimen traverse. (Fig. 363.) A specimen sketch of a traverse 
survey is given in (Fig. 363) to illustrate the methods of survey. /]/ is the 
starting point of the main-circuit Ar^ A2, Aj, etc., back to A/. The five interior 
blocks arc village-circuits ; while three sub-traverse lines have been run through 
villages Nos. i, 3, and 4. The main-circuit is surveyed by surveyor A; village 
No. I has been surveyed by H, Nos. 3 and 5 by C, No. 2 by D, and No. 4 by E. 
The figure explains itself: and shows the system of numbering stations to be fol¬ 
lowed, the way in which the trav(‘rscs have to be run, and so forth. It is not neces¬ 
sary for a village-circuit surveyor to re-measure the lines or re-observe the angles 
of a common boundary already measured by another village-circuit {purveyor or by 
the main-circuit surveyor, except at the starting and closing points of his village 
traverse where it should invariably be done (with single angular and linear 
measurements only), otherwi'^e there might be difficulty in the office in connect¬ 
ing the work of the various traverses. The interior angles of a polygon under 
survey would of course have to be rigidly observed at starting and closing points ; 
it is only in regard to the outer or adjoining angles that a single reading (of ver¬ 
nier A alone) need be recorded. Great care should be exercised by the Camp 
Officer in apportioning work to the village-circuit surveyors so that no confusion 
may result amongst the men, and the same ground may not be gone over 
unnecessarily by different parties. The practice in this respect should be that 
where a village has not had any portion of its boundary laid out by the surveyor of 
an adjoining village, it should be entirely surveyed by the first arrival, the surveyors 
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of the adjoining villages having merely to connect on their work with the com¬ 
mon boundaries; where a surveyor is engagiMl upon or has already completed 
the work appertaining to a common boundaiy, the lati^r arrival should connect 
his own work on to such boundary, in every instance commencing at and closing 
upon a trijunclion point. Where a portion of the boundary of a village is to be 
or has alreacfy been surveyed for a main-circuit, the village traverses need only be 
taken up to the connecting points, the requisite “ jawab ” or connecting lines 
being of course thrv)wn out and the interior angles at the connecting stations being 
duly observed. In country where hill and jtingle villages piaalominate, if these 
contain little or no cultivation and are not likely to be cultivatcal for a long period, 
it would be well not to survey or plot them at all, even when falling inside of a 
main or minor circuit* I he plotting should be confined as much as possibh? to 
cultivated tracts, as the detailed survey is a very expensive one and much time 
is usually lost in doing hilly country in which the contour lines have to be 
necessarily shown. It will not matter if the numerous gaps form ‘^eye-sores” to 
the work so hjug as the entire survey is wadi connected, either \vithin main or 
minor circuits, or bordering on them on their outer sides. 

115. Face left ouservatIonS. For main-circuits and village traverse 
work all the interior angles of the polygons need only be observed on “face left 
of the instrument. 

116. Crossing rivers. (Fig. 387.) When lines are taken across rivers 
and creeks, it is not possible to chain the distances ; so that in such cases it would 
be necessary to take a base line on one side of the w'ater at least one-third of 
the width of the river or crc'ck, and observe all the thre(^ interior angles of the 
triangle (the sum of which should be equal, if not quite, very niiarly so, to 180^). 
{See Fig. 387.) 'The base line should be measur(*cl tivice, wdth both, chains, to 
ensunj accuracy of results, I'he angular and linear measurements should be 
rccord(‘d (sejDarately if necessary) in the* field-book. {St-e the field-book given 
below, also Art. 131.) The calculations for the required distance would be worked 
out in the olhec, so that the surveyor need not trouble about these. To ensure 
accuracy, in each case ihe single and double angles should be observed, with zero 
set in the first instance to tlie magnetic north ; and if it can be managed, on both 
faces of the instrument ; but this is not essential. It is w'cll to remember that the 
nearer each of the angles of the triangle is to (x/, the better it is for the w^ork, as 
well-formed triangles give more cona^ct results than ill-formed ones. If possible, 
angles of less than 20^ should be avoided. 
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117. JUNCTION'LINKS AND POINTS. At all junction lines and stations, 
angular and linear ineasiircinents should invariably be made to the adjoining 
staUons and recorded in the fu kl-book, with corresponding diagrams; all lines, 
angles, distances, and names relating to the same being duly written in, 
as a guide to the computers and plotters in the olTice. _ In this way there 
can be no doubt afterwards as to the closing and starting points of'the various 
traverses. 

118. PKKFliNniCUI.ARITY OF F[,AG. Carc should be lahen to sec that 
flagmen hold their flags perpendicularly, and that the point of a flag is made to 
rest on the centre of the mark, otherwise the angular work will be rendered 
erroneous. 

119. Mi:tiiod OI' tiiaininG. The chaining of distances should always bo 
carefully attended to ; for any serious mistake* in this respect may necessitate th(? 
whole of the measurements of a traverse, the linear as well perhaps as the angular 
work, being re-done. The alignments should be carefully made from flag to flag 
by the leader and follower being careful to sec that tlie respective forward and 
back flags arc seen by either over the head of the other throughout the measure¬ 
ment. The chain must be drawn tight, but not pulled away from the pins by over¬ 
drawing it, and the return of the 10 pins from the follower to the leader should be 
correctly made and noted after every distance of 10 chains measured over of the 
same line. 

120. CllFXK A/IMUTIIS. Thcangular work of a main-circuit should be tc.stcd 
at intervals of about every ;^o stations or so, by observations for azimuth to stars 
or the sun. The convergency, in latitude 20^^, for successive intervals of 10 miles 
(*ast or west of origin, would be about three minutes. Convergency has to be 
allowed for in all cases where check bearings are observed. 

121. FlEl.D-BOOK. The field-book entries are made from the bottom 
upwards, as in the form given in Art. 86. At the commencement of a survey 
the name of the village under survey, the date of survey, and the name of the 
surveyor should be written at the bottom of the first page. Above this a diagram 
is to be made and the name of the village under survey and those adjoining are to 
be entered; the angles made by the forward line with (he two village traverse 
lines on elher side arc to be likewise recorded, as also the linear measurements of 
all ihrtie lines emanating from the starting-point. With the angles and distances 
thus known, it will be an easy matter to find out in the office the station from which 
a particular traverse starts. When a triple junction of the village under survey is 
reached, a line is to be drawn across the side of the page in the field-book to the 
right and the name of the village next in succession entered therein. So also when 
the traverse is closed either on the starting-point, or a station of another traverse, 
a diagram is to be drawn in the field-book and the obse rved angles at the connect¬ 
ing stations together with the measured distances of the lines emanating from 
there arc to be duly recorded therein. The proper symbol denoting whether a station 
has been permanently marked on the ground or not should invariably be entered in 
the field-book alongside of the number appertaining to the station and always 
preceding it. 

122. Brakings. As the zero at a station for the first set of readings is set 
to the magnetic north, it follows that the first reading to a back station -f- or — 180° 
should coincide to within a degree or so with the station of observation's first reading 
from such back station. 

123. Subtense pole or bar. (Figs. 387, 435a.) In taking survey lines 
across rivers, it would be as well if vertical observations were taken to a subtense 
pole to form a check on the horizontal measurements. To do this set up a 
10-link rod on a peg at the station on the opposite side of the river; the perpendi* 
CiiLinty of the rod must be ensured. With the theodolite on the side of the river 
and at tlie point from which it is desired to take the line across to the other side 
observe the vertical angle of elevation or depression, as the case may be, care¬ 
fully to both the top as weM as to the bottom of the rod precisely, on faces left 
and right of the instrument. Record these angles in a spare corner of your field- 
book as given below, the necessary calculations being left to be done in the office 

Fig. 387 ; also Art. 131.) In chaining over very undulating ground, or 
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along slopes or the sides of preeipitous hills, it would be advisable also to taka 
subtense pole measurements by way of a cheeky in addition to the customary 
chaining. 

Subtense Pole. 


Bottom 


Top 


L. 

0 1 V 

D. 0 48 30 

/ It 

48 00 


0. 0 48 10 

48 40 

R. 

D. 0 39 30 

39 10 

L. 

D. 0 3g 00 

39 13 




D. o 48 I s') 
D. o 48 353 
D. o 20 ) 
b. o j6 06 ) 


0 . o 48 30 
D. o 39 13 


Another method which has virtually superseded the vortical subtense pole 
IS that which Is known as the horizontal subtense bar method. This should be 
employed in preference to the other if the n quisite bars are available, as it is 
more accurate, althoujjjh not quite so conveni(mt in reo^ard to portability. It is 
also preferable to use the horizontal bars instead of the vertical poles, firstly, 
because the horizontal anc[u^ar measurements in all instruments arc more to be 
relied upon than the vertical ones; secondly, because surveyors are more 
accustomed to the horizontal than to the vertical readino-; and, thirdlv, because 
a greater number of horizontal readings of an angle can be taken in a like space 
of time as of vertical ones. For ordinary purposes a 10 feet, or even a 10 
links, bar would be all that would be required, as thesi; suflice respectively for 
rays of i miles and i mile in length. For greater distances the subtended angle 
would require to be repeated 20 or more times instead of 10 or 15 times, the 
number ordinarily required. The measurement of the angle is (‘ffected by means 
of the tangent screws only. The screws of both the upper and lower plates 
req»iire to be unscrewed to their full extent and the lower plate then clamped. 
The board of the left end of the bar is then intersected by moving the upper plate, 
then clamping and finishing the intersection with the tangent screw. The limb 
here is read off and recorded, all the verniers being entered in the record. Then 
by means of the upper plate tangent screw only the board at the right end of the 
bar requires to be intersected and one vernier read off to give an approximate 
value to the subtended angle, which would be found useful as a check against 
gross errors. Next, with the lower plate tangent scrtjw, the telescope is to be 
brought back to the left end of the bar and the process repeated as often as neces¬ 
sary (ordinarily 10 or 15 times), finishing off on the right end board of the bar. 
Finally, all the verniers arc to be read and recorded and the difference of the 
means of the first and last readings divided by the number of repetitions. This 
gives the value of the subtended angle, and a comparison with the approximate 
value obtained as above described would guard against errors, or against a wrong 
reckoning of the number of repetitions made. If so many measures were made 
that the tangent screws had not sufficient play to include them all, the angle would 
have to be measured again, care being taken that the /o 7 Lrr tangent screw was 
unscrewed while the tipper plate remained damped, and the upper tangent screw 
was unscrewed while the loiver plate remained clamped. It should be noted that, 
if the bar is held horizontally instead of vertically, a difference of level between ^lie 
observer and the bar does not prejudice the deduced distance, since the fact of 
the theodolite measuring angles on the plane of the horizon makes automatically 
the necessary correction from the hypotenuse of the slope to its base. Another 
reason, already given, for using the bar horizontally instead of vertically, is that 
the subtended angle is much more easily measured in the former case by the 
employment of the two tangent screws. The bar {see Fig. 435a) is generally 
made 10 feet long, having at each end a diamond-shaped board, about i j-feet 
along arc, diagonal, and \ foot along the other, facing the observer. The longer 
diagonals are vertical and so adjusted as to be exactly 10 feet apart. The boards 
are painted white with a streak of white in the ccnlre along the longer diagonal, for 
convenience of intersection. A short iron bar about a foot long and about inch 
thick, carrying a V-sight at one end and a head at the otlier, is firmly screwed to 
the middle of the subtense bar, and so adjusted once for all that its sight-line is 
at right angles to the bar. A small level is also inserted in the upper side of the 
^ ^ 20 
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wooden bar to ensure its horizontality when In use, and the bar itself so construc¬ 
ted as to be capable of adjustment on an ordinary plane-table stand. It will of 
course be necessary to be careful that the bar is held at right angles to the ray 
under measurement. The attendant, who is told off for the work, should hold it in 
the prope r position until he receives a signal of some preconcerted kind from the 
obseiverto signify that the obstTvation is completed. It is desirable for the 
attendant in charge of tlie bar to be well drilled in his work, as there is no check 
on him unless the ray be short enough to enable the observer to see the sights 
himself when looking through the theodolite telescope; this is generally pos¬ 
sible up to 300 or 400 yards. On the other hand, it is worth noting that the 
error arising from a slight misdirection of th(‘ bar is much less than would at first 
sight be supposed so long as the error in pointing—this is, the excess or defect 
from 90^ of the bar’s direction with the ray under measurement, does not exceed 
35' (an almost impossible quantity, unless the bar be purposely misdirected)—the 
error in measurement will not amount to 1 - foot per mile. Tablt's of distances, in 
chains and links, in connection with the subtense bar mtasurements corresponding 
to thti angles subtended l)y 10 fed and 10 links bars, are to be found in the 
" Calculating Tables” (Tables XVHI and XIX, 5th edition). 

In route-surveying of a rapid nature,* the traverse, may be made with a theo¬ 
dolite, having a micrometer f fitted to the eye-piec(‘, enabling the observer to 
measure the number of revolutions of the scrcw-heael that a known heiglit 
subtends, the angular value of one revolution of the scnuv-liead having been 
prt^viously determined Thus, CD is a staff marked o, 5, 10, 15 feet. The micro, 
meter has one fixed wire, A, and two moveable wir(‘S, B and C, 
attached to the screw-heads. In observing, the fixed wire is 
made to cross the staff at any point, A ; and if a 15-feel subtense 
bar is being measured, the moveable wires B and C arc made to 
coincide with the marks on the staff at o and 15 ; and number of 
revolutions 15 feet subtends = rev. AC + I'cv. AB. Inall cases, 
to prevent mistakes, a second reading should be takem, the fixed 
wire being made to cross the staff, say at A‘: thi‘n 15 feet sub¬ 
tends rev. A’C 4 - rev. A^ B ; ~ rev. AC + rev. AB, if the observation has been 
made correctly. Thii computation is made very simply by means of a table show¬ 
ing the distance in miles from the instrument to the staff corresponding to the 
number of revolutions that 15 feet subti-nd ; the 10 and 5 feet marks are neces¬ 
sary for short distances, and the same table is used, by multiplying the revolu¬ 
tions by J for a 10 feet staff, and multiplying by 3 if a 5 fi.et staff is observed to. 
In all cases, the angle of elevation or depression to the staff is to be taken, and 
the distances reduced to the horizontal plane. The whoh^ of the traverse may be 
computed out by tables of latitude and departure and then plotted. This is a 
better method of plotting a long route, for a small scale map, than plotting the 
traverse on a large scale, and reducing it by squares or any other method. 

124. Area of main circuits. The area of main circuits should be 
limited, as far as the conditions of the country allow, to from 50 to loo square 
miles, and in exceptional cases up to 200 square miles. 

125. Connecting old work. In taking circuits along boundaries over 
which former traverses have been run, it is imperative upon the surveyor to pick up 
for his own work as many of the theodolite stations of the old survey as possible, 

126. The origin. The origin to be assumed for the survey in a district 
should be situated as much as possible in the centre of the tract for survey, and If 
a G. T. station is thus conveniently situated, it should be adopted for the origin.} 

OB.SFRVATIONS. 

* Such as w.is so Fucccssfully performed by M.ijor Carter, R.E., in the Survey Operations in Abyssinia 
on the return journey of the force from Mafs^dala to the coast. 

t This instrument was introduced by rh-neralSir James Walker, R.E., Superintendent, G. T. Survey of 
India, for mountain route surveying, or traversing’ over raviney and marshy ground; in the former case, it is 
particularly useful in enabling the surveyor to avoid all the small bends at which the instrument would have to 
be put up where me.isuremciit lias to be made with chain or perambulators. The accuracy of the instrument 
wh(.'n tested by running .a perambulator over the same ground, has been found to agree to the third place of 
decimals (i miles in the ctmipar.'itlve results. 

J In the .absence (>i a suit.ible G. T, S., the pr.aeticc is to assume the intcisection of convenient 
geographical lines of latituflc and longitude, 17” 00' co" N. and L. 9O'’ 00' 00" E. for the survey of Pegu 
district, as the origin of the survey. 
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If the survey to be done is to be connected with old work, tlie origin assumed for 
the former survey might be accepted, if convenient, for the new work. For the 
village plots furnished to the cadastral section, each village is ploltcal on its own 
origin, called the “first of its series.” The mrridian of tlie station, or of the 
assumed point of origin, is to be regarded as the initial meridian of the survey, and 
all azimuth observations made at other stations are to be reduced to it, by allow¬ 
ing for convergcncy, befort' b. ing used as elements of correction or check. 

127. Reduced AZIMUTHS. If the deductal and reduced azimuths differ 
by more than two minutes, corrections must he applied in the computations and 
the angular work made to agree with the reduced value. 

128. Main ciRCtnrs and village areas. The areas of village traverses 
enclosed in a main circuit should agrees within .1 per cent, with the computed area 
of the main circuit. The area l)y summation of villages, however, is what is adopted 
for the record of district areas. The village travc rse areas should ahvays be 
checked by the planimeter, and the aroa thus obtained noted alongside of the other 
computation; the areas found by the universal theorem and by the planimeter 
should agree walhin l percent. 

129!^ Defective DEMARCAI ION. Whenthe demarcation of village boun- 
darie.s is found to be defective, the surveyor should report the circumstance to the 
Camp OlTicer. lie should at the same time do all in his power to remedy anv 
defects, and get the villagers to lielp in this respect, if necessary, so that the 
survey work may not be seriously impeded. 

130. PartallinG. WIk'U \illage traviTses are found not to close, it may 
become necessary to partal, check, portions or even the wdiole of either or both 
the angular and linear measurements of the traverse-surveyor. This w'ork is 
ordinarily performed by the Inspector or, if praeticable, by the Camp OlTicer him¬ 
self, but where this is not possible a good traverse-surveyor on whom depi'udcnce 
can be placed, being otlier than the person w’ho execut'd the original survey, is 
sometimes deputed to this duty, 

131. Calculation oe dlstAxNCe from angular measure.ments 
ALONE. (Fig. 387.) The calculation of the lenglh of a chain line, for which the 
angular measurements aloiu- have been obtained, by triangulalion and the subtense 
pole, as described in Arts. 116 and 123, aecoiaang to the rivadings recorded in 
Fig. 387 and the iudd-hook whicdi appears in Art 123 arc‘ given below*. Such 
calculations, it may be observed, are not intended to be performed by the surveyor, 
but w^ould be done in the ofllce. 

A Calculafioit. 
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From Hi5 

n^ot. Rod 

1 Do 

L D. o' 48' 30" 1 ). 43 ' 00" D. 
K. 1 ). 0 48 JO D. 48 4 o I). 


To B16 

[Top Rod 

i Do. 

R. D. 0 39 30 D. 39 10 U. 
L. I).o 39 00 D. 39 li 1 ). 

0 s'j 06 j ° 3 -J 13 


But. 

L. Cos. 0" 4S' 20" “ i‘ 9999 .s 8 


Top. 

„ ^ 0 39 13 



Dili. 

L. Cosec. 0 09 07 — 2.5704^5 



Rod. 

L 0 {'. lU = I’OOOOOQ 



B15 to B16 -= cha'ns 37*;o = 3'57CV)S 



By the horizontal subtense bar method, for an observed angle of 13' 48'' 
with a lO feet bar, the distance B 15 to B 16 — 3774 chains (according to Table 
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XVIII of the Calclllatin^^ Tables/* 5th edition) ; and for an observed angle of 
o'^ 09' 06" with a 10 links bar, the distanre B 15 to B 16 = 37 * 7 ^ chains (according 
to Table XIX of the “ Calculating Tables,” 5th edition). 

(ii) The Recess Season. 

132. Duties. The principal work that has to be done during the short 
recess-season consists chielly of all the traverse computations remaining over from 
the field-season, azimuth computations, computation of rectangular co-ordinates, 
latitudes and longitudes, completion of traverse tables, plotting of balance of 16" 
sheets, preparing a 2" plot of the traverses, writing up tables of co-ordinates and 
plotting the graticule^ and station points on the 2" sheets. f 

CADASTRAL SFXTION. 

(i) The Field Season. 

133. Field-sUR\EVOR’s duties. The field surveyor’s duly is to survey 
all fields and open ground, and all topographical features including gardens, 
village-siies, roads, creeks, housc'^, tanks, jungle, and the like. If there is jungle 
in the village he should examine it for cultivation and find out from enquiry where 
such exists in order to survey it. Before commencing the survey of a village a 
field-surveyor should invariably go over the ground to be surveyed and make him¬ 
self acquainted with the principal features of the land to be surveyed, taking notes 
at the same time as to the situation of the survey stations, cultivation, topogra¬ 
phical features, and the like. This will help him considerably in laying out suitable 
lines for his survey and work will be thus minimized. 

System of Sur\EV. Filed-surveyors should invariably survey on 
one uniform system. Fixed points are provided for them at convenient intervals 
with the traverse lines run at about 40 chains apart. They should chain between 
those fixed points, cutting up the block for survey into small rectangular pieces of 
8 or 10 chain widths before they commence the field survey at all. Even these 
chain lines for cutting up the theodolite block should be run where they are 
required most fur taking up field boundaries. The principle is to economize 
chaining and to have short offsets. Under this system even a careless surveyor 
can hardly do bad work, and if he makes a mistake in chaining, he at once detects 
it. The plane-table sight ought only to be u<cd in a close country, and the system 
of survey by chained triangles only when cultivation runs up into jungle, or in a 
survey which is in advance of the; theodolite survey, when there is no help for this. 
In a survey which has to be done In advance of the traverse (and this may at any 
time become necessary), what is known as the “ triangulation system has to 
be adopted. This consists of the whole of the village for survey being broken up 
by a series of large and well-formed triangles, the sides of which are carefully 
measured (with double chainings) and plotted, upon which the whole of the detailed 
work is surveyed and mapped. For this class of work the following procedure 
should be adopted as much as possible. The surveyor should walk over the 
whole of the ground and note how the cultivation and natural features lie. He 
should so start his work on his sheets that the whole may approximately fit in as 
compactly and upon as few sheets as possible. He should start where cultivation 
is most extensive and generally about the centre of the village. Base lines, as 
long as can be conveniently got, should be carefully measured, and a complete 
fabric of triangles built upon these to start with. The whole of the cultivation 
and village sites, wherever in the village, must be connected by a complete system 
of accurately measured triangles. With such a network of triangles the detailed 

OBSERVATIONS. 

* A gr.iiiculc *13 the representation by a net-work of lines of meridians and perpendiculars of a small-scale 
map on paper. 

t 1 He Indi.'in Survey Commit too .ippointcd by the Government of India in 1904*05 recommended that 
standard maps snould be on the sc.ilo of 1" i mile to be represented in colours, and that topographical 
Surveys should as a rule be m.ade on the scale of 2" — i mile for reduction and publication on the i*inch 
scale. Sixteen i-inch standard sheets will make up exactly one degree sheet of the i millionth .series ^vide 
footnote to Art. 31, Chap. V 1 1J. li.ach map will co\ cr an area of^either i <;' 1° or 4^' lat. or longitude according 
to the series to which it belongs. Thus the degree sheets atlas series would consist of (i*M) one to a millionth 
sheet followed b^ its 16 compenent degree sheets, while the i*inch atlas scrips would Consist of a degree 
sheet followed by its 16 component standard sheets. 
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Work can be readily and accurately fitted in in the usual way. It will require care 
and judgment in laying out the triangles so that they may be as few and as large 
as possible ; the larger the triangles and the more they approach the equilateral, 
the more accurate will the work be. All sides of triangles must invariably be 
measured tmee and the mean of the two measurements taken for the correct one. 
Roads, creeks, boundaries of the village, hills and the like, may be put in by sight- 
vane measurements only ; but in such cases the surveyor should start from some 
well determined point of his triangulation and close upon a similar point. Where 
theodolite stalions arc on the ground, as many of them as possible should be con¬ 
nected with the triangulation by means of triangles. Stations on all sides of the 
village should be thus shown on the sectional sheets. Where theodolite stations 
have not yet been laid down by the traverse camp, the work of connecting the 
stations laid down by the held-surveyors would be left to sub-surveyors to do 
when the latter arrive at the ground later on in the season. On receipt of the 
16" plots of the villages thus surveyed from the traverse camp, the oiricer in 
charge of the Cadastral camp would cause to be traced and fitted in upon them, 
either in the field or during the recess or both, the work of the sheets done on 
the triangulation system, which should be inked in beforehand. The tracing 
glass should be used for this. As much of this work as can be done in the 
field, when leisure and opportunities permit, should be so done, that as little as 
possible be left for the recess. Unless the triangulation work is connected with 
the traverse work on all sides of the village, it will not be of much value. Partal 
lines should be run over the triangulation work like any other detailed work. 
Theodolite stations, or those intended lobe taken up hereafter as such, should be 
utilized for partalling as much as possible. The triangulation work must be very 
accurately done, and tin; larger triangles upon which it is all based must be abso¬ 
lutely correct or it will be worthless. If there is plenty of ope n ground, it would be 
well to have one long straight line, as a main one, running through it and triangles 
built upon this when required. There would be less chance of error creeping into 
the work in this w.ny. In no case should the detail survey be entered on the 
sheets (although there is no objection to putting in of field boundary crossings, 
etc., in field-books at the time of chaining the main lines for plotting on to the 
sheets afterwards) till all the requisite triangles and survey stations have been first 
plotted on tlic map. See also, in reference to the procedure to be adopted for 
the survey on the triangulation system, Art. 93. 

135. Survey oe gardens. For the survey of gardens a plane-table must 
be used. If there are, say, 30 small gardens in a village, commencing from a 
theodolite station, a traverse should bo run round the lot first j then this traverse 
should be broken down into smaller blocks till all the gardens arc surveyed. 

136. Survey of boundary. The first duty of a field-surveyor on enter¬ 
ing a village is to survey the boundary. If he finds that the demarcation posts 
are not a sufficient guide to the exact run of the boundary, he should by enquiry 
from the villagers find out the boundary line, just as he might have to do for the 
theodolite stations themselves, and follow it. 

137. Survey of de pails. When the field-surveyor has cut up his village, 
he should survey every item, omitting nothing except patches of waste, etc., under 
15 links in breadth, which cannot very well be shown on the 16" scale. As a 
field-surveyor’s work is not always inked in afterwards by himself, he should take 
great care that none of his survey lines are mistaken by the draughtsman in office 
for the sides of fields. He ought to do these lines. 

138. Village-sites. In village-sites all roads dividing houses should be 
shown, all compounds or gardens i\nc\ all houses, wells, pagodas, etc. All trees 
forming prominent landmarks should be accurately laid down by offset; these form 
useful points of departure or connection for any subsequent surveys. 

139. Pole and Brush. When a field-surveyor precedes the traverse- 
surveyor, he should lay down his stations judiciously, and mark them firmly with 
a pole and brush, and a mound of earth raised over the station. The traverse- 
surveyor is bound to make these his own stations. 

140. Common boundaries. Creeks, roads, and the like, forming the 
boundaries of adjoining villages, should be surveyed independently by each of the 
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field-surveyors concerned on his own village sheets. Tlie common boundaries 
should be examined in the first instance by ihc Inspector before the sheets are sent 
in to the CampOfiicer ; if they differ considerably from cacli other, ilio portions 
affected should be re-siirveyt‘d by the surveyors who did the original surveys. 
The final passing and inking in of boundaries is to be done in the office of the 
Camp Officer. 

141. Survey of creeks. The main bends of creeks should be accurately 
shown and unnecessary offs(its avoided. All creeks should be followed up, and 
laid down by sight-vane and chain mesurements, by slight clearings, if necessary, 
in case the surveyor cannot progress along its bed at low water. 

142. Slrvev OF HILLS. All promintMit peaks of high land falling within 
the area for survey should be first fixed, either by triangulation or sight-vane, and 
the requisite coniu^ctions made by short traverses run, wherever necessary, from 
one known point to anolht^r, on the plane-table. Measurc‘ments should be made 
up the slopes of hills, whtirever required, and the contour lines drawn in for 10 feet 
vertical intervals, the minor details being ski-tched in, based on the principal 
measurements. If it is found inconvenient to determine the positions of the con¬ 
tour lines by short horizontal chain measurements, aided by a 7.^ links or 5 feet rod, 
a clinometer for measuring the angle of inclination may be employed and the slop¬ 
ing distance measured, whence, with the aid of Tabffi XI 11 of the Cahailating 
Tables ” (5th edition), the horizontal distances for veiiical intervals of lofei^t may 
be obtained.’ d'he crests and feet of the hill ranges and their principal spurs 
should invariably be laid down in the first instance before the contour lines are 
attempted. 

143. Conventional signs. When surveying jungle or gardens, the sur¬ 
veyor should denote these on his map by the usual conventional signs ; tlie names 
of rivers, creeks, villages, adjoining villages, etc., should always be ascertained and 
written in in pencil. 

144. Partal lines. One or more partal, or check, lines sliould be run in 
every sheet of a village without exception, by the Inspector; at least onc-tenth of 
the interior fields should be thus tested. A “ pucka,” or long partal, should be run 
across every village, while scvc^ral ” kacha,” or short partals, are to he taken over 
different parts of the village. ” Ikicka ” (or ” primary ”) partals are those which are 
run from one survey station or traverse line to another survey station or traverse 
line ; and ” kacha” (or” secondary ”) partals are sucli as liave one or both ends of 
the line terminating on any point—tlu^ rudd-survt^yor’s temporary stations 
auxiliary, quadrilateral, triangulation), intersections of field-boundaries, field-cut¬ 
tings, and the like—other than a survey station or traverse line. Ten per cent, of the 
viliages should also be checked by the Camp Officer, including portion of the work 
dom* by the Inspectors. It is a good practice for the Camp Officer to confine a 
large proportion, say, one-half, of his partals to the Inspector’s identical lines, for 
it is clear that if the Inspectors do tlieir duly, the survey work cannot but be good. 
Corrections of errors discovered should he made on the spot, except when the 
work is found to be so inferior in quality as to require to be re-done, vhen the 
pencilling should be rubbtid out wuth a piece of India-rubber and tlie sheet returned 
to the surveyor for the necessary rc-survey or afresh sheet plotted and handed over 
to him for the purpose instead, whichever course is considered the more expedient. 
A freshly surveyed sheet would have to have fresh partals taken over it. The lines 
intended for check should be carefully selected ; they need not always go from 
station to station, nor be confined to cultivation alone; they might sometimes be 
rim from a survey station to a knowm point on a traverse line, or they may cut 
across a belt of jungle, thus testing the tQpography as well as cultivation. As 
much as possible, however, partal lines should start from and close on theodolite 
Stations. As a rule the line of partal should include all features of country within 
two chains, right and left, and all the required measurements invariably entered in 
a field-book. Partal lines taken over villages still under survey should not be plot¬ 
ted from field-books days after the partals have been made, as this would give the 
field-surveyors, toAvhom the .sheets are generally returned, opportunities of rectify¬ 
ing any errors of work during the interval. It is a good ruk^, and a practice that 
should not be lightly dcpaited from, to plot the partals of the day, whether of 



XIII. THEODOLITE SURVEYING. 


*59 


board-plan or field-book, on the same day that the parlals have been run, 
or, if this cannot be managed owing to any good cause, on the following day 
at the latest. 

145. Classes of work. Work is divided into three classes, namely, 
1st class, \vhi('h signifies agreement like a trace ; 

2nd class, which is work that is out generally 10 or 15 links ; and 
3rd class, which is work that is r(‘jectt*d. 

146. Resi^onsirilitv of Inspector. If an Inspector passes bad work, 
or does not see to his suiveyois working rapidly and accurately, he would be held 
responsible for inaccuracies found in maps. Among otlier things, the Inspector 
should sie that the boundary of a village is correctly surveyed, and that 
fu'lds belonging to another village have not be(m taken in on a sheet or any 
left out. 

T47. Signatures. The signatures of the persons who have surveyed or 
t(.‘Sted the work, with dates, should always be enlered on ihe reverse of the sheets ; 
so also of those who have ink('d up the work, or numben'd the I'n^lds, or passed the 
bounc!arii‘S, etc. Such entries should be made neatly and legibly by the parties 
coiiC(Tn('d. 

148. Bench-marks. Whert' lines of levels havt* bc^en previously carried 
through a country under snrvev, care should he taktm to find out the" localities of 
all existing beneh-inarks and to accurat(‘ly survey in ihi'ir positions on the maps. 

149. Field katans or boundaries. When during tlie process of 
chaining, the chain crosS(‘s or cuts intervening field-boundaries, the practice is to 
make a long slight ('utting on the* ground with an axe or other such instrument 
in the direction the chain has taken. These cuttings are technically tcTmed 

katans,*^ and are usedul points for taking other requisite measurements from, and 
also for future reference by the surveyor and the partaller. Similar cuttings are 
rnad(; in field-boundaries to which offsets on a chain line are taken. 

150. OFFbETS. Offsets should be short, and should not ordinarily be over 
I or 1 } chains in length. 

151. Testing of chain. The chain should be tested frequently, every 
day before use, if possible, d'his could be done on first arrival at a place by 
driving two pegs firmly into the ground, at the correct distance apart, so that the 
handles of tin.* chain may, when it is stretclu'd out to its utmost, fall into the pegs 
exactly. The ground selected should be fairly level. Once a monih the chain 
should be taken into camp and test(‘d with the standard steel bars kept therefor 
the purpose. Fach Inspc'ctor also should be provided with a chain well t(;sted with 
the standard bars, which should be kept by him only for the purpose of testing 
every now and again, as opportunities occur, the chains in use with his field- 
surveyors. 

152. Defective demarcation. When the demarcation of gardens, 
village-sites, and the like is found not to have been done, the field-surveyor should 
report the matter, through his Inspector, to the Camp Ollicer. He should at the 
same time do h‘s best to get the villagers concerned to help in completing the 
requisite demarcation, so that his work may not be seriously delayed for want of 
an effort in this respect on his part. 

153. Clean maps a REouisitk. Maps should be kept clean and free from 
stains, the work of those not so found, although in other respects good, are usually 
treated as of the second class and paid for at the rates for such class. A map 
sheet mounted on the plane-table when not in use should be covered with a sheet of 
Bally paper over which a piece of oil-cloth of the required size should be tied. 
Soiled sheets may be cleaned wnlh stale bread-crumbs. 

154. Area statements. The area of a village as found by the summa¬ 
tion of fields should agree within i per cent, with that obtained by traverse (+ or — 
the offsets) ; with careful work the difference should rarely exceed J per cent. 
The difference of area between the two methods is lo be recorded at the end of a 
village area statement. For all revenue purposes the village area, as obtained by 
the summation of fields, is always accepted. Area statements are prepared by two 
computers working independently of each other, the areas of the items being at first 
entered in pencil; both copies are then examined by the Inspector, and, when the 
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corresponding entries agree within 4 per cent, of each other, their mean Is taken 
and entered at once in ink ; but when the difference is greater than the limit 
mentioned, the area should be carefully worked by a third party and his results 
accepted by the Inspector as final. For the smaller items the acre-comb is 
employed for calculating the areas ; for the larger ones, the planimeter. 

Although for the ordinary average-sized fields the acre-comb workings of two 
independent workers arc usually passed (their means being acceptc^d) when not 
differing by over 4 per cent, of each other, it is essential that, when the fields are 
very small or very large, a different system be adopted for the passing of the areas. 


namely :— 


^rom 


might 

be 

used 

area. 

in acres. 

o‘oi 

to 

o‘i9 

0*20 

n 

049 

0*50 

)) 

099 

1*00 

)) 

1-49 

1*50 

)) 

1-99 

2*00 

n 

2'99 

3-00 

n 

4'99 

5-00 

)) 

699 

7*00 

)f 

9 99 

10*00 

i) 

14-99 


15 00 „ 19-99 


Difference 
allowed. 

002 
003 
0*04 
0-05 
o-o6 
0*07 
0*08 
0*09 
010 
0*11 
0*12 

(by two workers) with 
in no 


For the larger items, where the areas are calculated 
the planimeter, the results should ordinarily agree within per cent., but i 
case should the areas be passed when differing by over ^ per cent 

(ii) The Recess Season. 


155. Duties. The principal work done by all the hands in the recess con¬ 
sists of the passing of common village boundaries, the inking up and typing in of 
all the 16" original sheets, numbering of the fields and other items of the map, 
printing of names on the maps, preparing the area statements, drawing of the 
litho sheets for reproduction on stone, and the preparation of the final 2" reduc¬ 
tions for publication. The margins of the original 2" sheets should be carefully 
examined and compared with those of the adjoining sheets and all necessary 
rectifications made before the sheets are finally passed. These 2' sheets occupy 
of longtitude X 7^ of latitude, eight going to form a section comprising 30' 
of longitude X 15'of latitude. The 16" sheets are 26" long by 18" broad in 
respect to the space worked upon, and enclose an area of r83 square miles. 


CHAPTER XIV. 

Gale’s Traverse System. 

1. Definition of a Traverse. (Fig. 444.) A Traverse is the course 
taken in proceeding from one point on the earth’s surface to another by a 
circuitous route, along lines of various lengths and situated in different directions. 
If a traverse is made from any point, as station i, to any other point, as station 12, 
the traverse 123456789 10 ii 12 is termed an unclosed traverse \ but if 
the traverse is continued by some other route, 12 13 14 15 16 17 18 192021 22 
23 24 25 26 I back to station i, the starting-point, thus forming a complete 
irregular polygon, it becomes a closed traverse, 

2. Bearing, Distance, Latitude, and Departure. (Fig. 335.) 
The angles which the successive lines of a traverse form with the meridian are 
called bearings^ and the lines themselves distances. The quantity which one end 
of a line is due north or south of the other end, is called the difference of latitude 
of the two ends of the line, or its 'Hiorthing ” or southing and the quantity 
which one end of a line is due cast or west of the other is called the departure^ 
or its **easting” or ”westing.” Thus in the Figure, with respect to AB the first 












XIV. gale’s traverse system. 


i6l 

line of a traverse, the re-entrant anglo NAB is the bearing of B at A, the length 
of AB is the distance; the latitude of B with ivference to A is represented by the 
quantity north, and its departure bv tlie quantity iB^^-A// west. 

3. Rectangular co-ordinates. (Fig. 335 ) Rectangular co-ordinates 

are the latitudes and departures of stations reckoned from the first station of a 
Traverse. Thus, in the Figun*, the co-ordinates of station D as referred to the 
station of origin A, arc latitude south, and d\^=kd' departure \yest. A 

traverse plotted in the ordinary way by the protraction of successive bearings and 
distances is subject to much accumulative error, hence the methods of co-ordinates, 
known as Gale’s system, where each station is laid off from a common meridian 
independently of the preceding station, is resorted to where any pretence to 
accuracy is made. I'his is invariably the case when a theodolite is employed on 
the traverse. If a prismatic compass or sextant were used, in a small traverse of 
course, the application of the rigorous method of Gale’s system would hardly be 
warranted, as the angular work itself would be approximate. 

4. Calc ulation ou co-oRDiXAri'.s. (Fig. 335.) Let it be required to 
find tlie co-ordinates of C with reference to the origin A, the latitude and departure 
of B from A, and of C from B being known : - - 

Latitude of C (south) or kc = be - - bk ; 

Departure,, ,, (west) ,, cC — kb' ~-cb. 

In the same way to obtain the co-ordinates of D, we have: 

Latitude of D (south) or .\d = Ac: + cd \ 

Departure ,, ,, (west) ,, c/D = cC -f cd'. 

Thus the co-ordinate values of the other stations K, F, G, and H can also be 
found, being always calculated to the east or west of the meridian NS or to the 
north or south of the perpendicular WIC by summing up the suci'essive latitudes 
and departures up to each point, which may be comprised in the following rule :— 
“ W hen the distances run north of th(‘ first station, add them one to another, 
until they change to south, then dc^duct tlumi one by one until the southing 
exceeds the northing, when deduct the lattm* from the former, changing the 
denomination to south ; all distances tlicMi going south are added, and those 
going north deducted, and so on, until arrivcal back at the original starting- 
point. Likewise, in the distances on the perpendicular, when the distances run 
east of the meridian of the first station, add them one by one until they change 
to west, then deduct them until the westing exceeds the easting, when deduct the 
latter from the former, changing the denomination to west; all distances then 
going west are added and those going east deducted, and so on, until arrived back 
at the original starting-point.” 

5. Meridians. arc north and south lines, which are supposed 

to pass through every station of a survey, running parallel to each other. In 
reality they arc not parallel, but converge towards the poles of the earth, but so 
insensibly as to be unworthy of notice. Ilc-nceall traverses are made on the 
supposition that the earth is a plane. 

6. Mode of Traversing. (Fig. 335 ) To perform a traverse such as is 
shown in the F'igure, set up the theodolite at tht‘ station of origin A, and send flags 
to be put up at all the other stations, measure the inward angle HAB (222° 14'), 
by setting zero to the back station H, turning the telescope to the for ward 

B, and noting down in the field-book the reading of the vernier A ; also measure 
the outward angle BAH (137^ 46'), by setting zero to the forward station B, turn¬ 
ing the telescope to the back station H, and noting down in the field-book the 
reading of the vernier A. The sum of the two angles should of course make 
360°, and the reason for obseiving the outward angle at each station is to afford 
a check against inaccuracy of reading of the inward angle. Next chain the 
distance AB (12*38 chains), which also record in the field-book. Again, set up the 
theodolite at B, measure the inward angle ABC (65° 25'), and the outward angle 
C BA (294^35') as a check on the former, and chain the distance BC (20*55 chains). 
Proceed in this manner setting up the tlieodolitc in succession at C, D, It, F, G, 
H, and measuring the inward and outward angles and distances, until the station 
of origin A is arrived at. Do not omit to take intersections to all conspicuous 
objects within the polygon, such as temples, large trees, buildings, etc. ; also in 
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chaining the distances between the stations, take offsets right and left to streams, 
roads, fences, boundaries, tanks, etc., as in a cliaiii survey, making, a careful 
record of the same in the lield-book. He careful always to keep the boundary of 
the polygon under survey on the left hand whiki carrying on operations from 
station to station.* 

7. Field-book. (Fig. held-book for a theodolite traverse 

j ^ : is precisely the same as that usc‘d for 

■ j i . chain and prismatic compass sur- 

! 97 31 I ^ vey, exci'pt that angles are recordc^d 

I I ^ in place of bearings at the beginning 

I ■§ of (VK'h line. The following field- 

. 2490 ^ ! (3 book ('ontains a record of the angu- 

ny 09 i and linear measurements made 

Ati j ^ of tlu^ polygon shown in the Figure, 

-- [ and (Mitered in the central column. 

^0-36 i -5 narrow columns on eith(;r side 

2^6” 55'^ I u of the central column are intended 

' I rec'ord of verniers B and C of 

_ 1 the theodoliti', whcMi such ar(' read. 

: ' In the right and left margins are to 

ii 7'^4‘T 4 '‘Btered the names of adjoining 

242 12 6 lands and estates, and the points 

^ wht‘re their boundari(\s commence 

*1 toi-ii'ijnate to b(.‘ noted ; also for 

* 7*40 ^ 'G the r(?cord of offscTs, which howevrT 

*§ has been omittc'd in this fudd-book. 

.h At) ^ . No other remarks seem necessary, 

^ - as the entries in the field-book will, 

^ ^3.,S5 i with th(‘ aid of th(i Figure, sufli- 

> 49' ciently explain themselves. 

1 8 . Magnetic and true 

: MERIDIAN. In every traverse the 
6 ; meu’idian of the station of origin has 

294 I obtained ; this may be either 

65 25 '5 , the magnetic or the true meridian. 

5 ' In the case of a small traverse, 

—- . the magnetic or true meridian as 

12-38 ^ I obtained in (Chap. X, Art. 24) will 

*37“4t>' I suffic(3, but when a polygon of sev- 

' eral hundred square miles has to be 
I ' I traversed, it becomes necessary to 

^ observe the true meridian astro- 

I nomically, as explained in (Chap. 

V' XVI). In either case, the magnetic 

I true meridians, as the case may 

1^ be, of all the other stations of a 

^ I® traverse are deduced from the given 

\ •* one of the station of origin. 

91.13 81 9 - CoNDriTONs'^OE A TRA¬ 
VERSE. (Fig. When a tr:i- 

SUIW;lRCUIT NO. 2. 1 \ . • -1. • 

c c f ^ \MiiAnr vcrse iiiakes a complete circuit, t.e.^ 

Survey of (rNsantc) VILLAnE CIRClJir ^ . .1 i V . • ^ j.\ 

mencccl at the junction of Sub-Circuits 2 and 3 ind 1‘^‘turnS to the startlllg-point, tlicrc 

Village Circuit- are three different conditions that 

FIELD-BOOK. must be fulfilled :— 


30-36 
28O” 55' 
73 05' 
AF 


14-49 

ii7'-'48' 
242 12 
AC 


17*40 
317 “ 4 ^ 
42 U 
AU 


23-85 

130" 49' 

223 II 
AC 


' 20*35 

294 ” 3 d 
^>5 25 

ab 


12-38 
* 37 “ 4 b' 
222 14 

aa 


SUIl-ClRCUIT NO. 2. 


Survey of (rw.antc) VILLAGE CIRClJir ^ . .i z V . • ^ j.\ 

menced at the junction of Sid)-Circuits 2 and 3 ind 1‘^‘turnS lo the startlllg-point, thCTC 
Village Circuit- are three different conditions that 

FIELD-BOOK. must be fulfilled :— 

1^/.—That the sum of all the inwart angles must be equal to twice as many 
right angles as the figure has sides, less four right angles. 

UBSER\ATION, 

* Traverse lines for 16" scale surveys arc ordinarily taken at from 10 to 20 chains in length, as the 
distance between two adjoining stations, and in cultivated tracts the sub-lraverse lines are usually laid out 
in parallel columns, more or less, about 30 chains apart. '1 his, howe\'er, depends entirely upon the size of 
the blocks for survey and the general run of the ground* 
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'ind .—That the sum of the northings, or distance travelled north, must be 
equal to (he sum of the southings, or distance travelled south. 

3/a/. -That the sum of the* eastings, or distance travelled east, must be equal 
to the sum of the westings, or distance travelled west. 

hor example, in the given traverse, which is an 8 sided figure, 

(1) the sum of the inward angles must equal 8x 180*^ — 360® = 1,080®; 

(2) the northings or kb + de + fg + gh must equal the southings or 

be Cii ef kh ; and 

(3) the eastings or b'c + d'e + ef f g must equal the westings or 

kV + cW + //A. 

10. Angular and linear corrections. In practice it will be found 
that the three conditions mentioned in (Art. 9) are not absolutely true, owing to 
unavoidable errors of measurement in the field. The sum of the inward angles 
may be found to be in excess or defect by a few minutes of the required number 
of degrees, and the latitudes and departures may not agree to within several links, 
the limit of error allowed in the l<.evcnue Survey of India being i link in every 
10 chains ; hence it becomes necessary to apportion these errors. The total 
error being known, it serves all practical purposes to apply a minute here and 
there against the largest angles with the sign + or — prefixed as the case may 
require ; so also with the latitudes and d(‘partures, apply a link here and there 
against the longest lines, with the sign + or — prt*fixed, as the case may require, 
in their respective columns of northings, southings, eastings and westings. 
Strictly the error should be apportioned to each of the distances by the following 
proportion :—As the sum of all the distances is to the wholt^ error, so is each 
distance to its correction but the rule is seddom, if ever, observed in practice.* 

11. Deduced bearings. (Fig. 335.) The deduced bearings of the 
various lines of a traverse are found by the following rule :—“ To the bearing of 
I he liiK'preceding that of which the bearing is sought, add the inward angle formed 
by these two line% and the sum increased or diminished by 180®, according 
as it may be less than, or in excess of, 180®, will be the bearing of the next line. 
If ihit sum be 540® or more, deduct 540® from it for the next bearing; and if 180® 
exactly, subtract 180® from it.” For example, in the Figure, the true observed 
bearing of the line AB at A was 28i®4o', and the inward angle ABC, 65® 25', then 
the true deduced bearing of the line l^C at B = (28i®4o' + 65® 25') —180®= 
167® os'. 

12. Cardinal direction. (Fig. 335.) The magnitude of the deduced 
bearing shows at once the cardinal direction of the line. If the bearing is 

OBSERVATION. 

♦ A frequent source of error in the angular work is to icconl the forward angle for the back and vice 
versn ; if this is in only one station it is readily detected, for if the difference between the f orward and back 
angles of a station be equal to the total angular err r of the traverse, the error Is probably in that station; 
ifthetiavc sc cl scs when rkod out with the tianspositi n of the back and hrward aisles, it indicates 
that the error has been properly loeatcd. If the crroi is in the line.ar work in only one line in a circuit the 
exact line can be found. Suppose in a line BC, instead of the correct measuren-'cnt, a measurement equal 
to HC* was recorded, so lhaf the co-oulinatcs of the point C will by the ern r be those of C' ; then all the 
angles and all the t thcr distances of the citcuit being currecl, it is cv dent that the ti lal difference of 
northings and southings instead of being o vill be Cd, «.wing to the error in the position of the point C, 
and th;it t f the casrings and westings C,»d. So that if 0 bo the reduced bearing of the line where the error 
was made, the total difference «)f castings ;ind westings, vis., C'd, divided by the total difference Cd 
henween the northings and southings, will be the iangtmt of 0 or reduced bearing; and frt)m tan. 0 the 
angle 0 can be obtained from any book of Logarithms ; and 0 being known, the line of which « is the reduced 
"bearing is obtained by refcrence to the travel sc sheet. [Adopted from D’Cruz's Surveying and Levelling]. 
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between o" and 90°, between north and east, tlic line must lie in the N.E. quad¬ 
rant; if between 90° and 180°, i.c,, betw('en south and east, in the S,E. quadrant; 
if between 180° and 270°, i.e., between south and west, in the S. W. quadrant ; 
and if between 270° and i.e., between norlli and west, in the N.W. quadrant. 
Thus the lint' AB, whose bearing is 281"^ 40', is in the N.W. quadrant.* 

13. Reduced bearings. (F'ig. 335.) Since the logarithmic tables only 
extend from 0° to 90° of arc, equivalents to all those bearings which are over 90° 
must be obtained. These equivalents are termed reduced hearings and are what 
are used in the traverse computations to lake out the differences of latitude and 
departure corresponding to each line. To obtain, therefore, the reduced bearings, 
or angles formed with the meridian either from north or south, proceed thus :—" 

When the bearing (observed or deduced) is— 

between and 90°, or N.E., no reduction is necessary, 

„ 90 ,, 180 „ S.E., subtract it from 180°, 

,, 180 ,, 270 ,, S.W. „ 180° from it, 

270 ,, 360 „ N.W. „ it from 360^ 

For example, in the Figure, having given the bearing of the line, AB 281° 40' 

its reduced bearing would be 360°— 281° 40' = 78'' 2obt * 

14. Calculation of latitudes and departures. (Fig. 335.) 
The latitude and departure of each station from tlio preceding station is obtained 
by either the Traverse Table (given in Table XXXIII, “ Calculating Tables,'' 5th 
edition), or by logarithms (Tables XXXI and XXXII, “ Calculating Tables,'^ 5th 
edition), in both of which cases the reduced bearing is employed, in the 
calculation by logarithms, 

the Latitude =1: Distance X cos. Bearing (reduced), 
and Departure = ,, x sin. „ ,, 

For example, to find the latitude and departure of station B from A, having 
given the reduced bearing at A = 78° 20^ and the distance AB =z 12*38 chains 
By the Traverse Table—• 

f.atitude = 12*38X0*2022 = 2*50 chs., 

Departure =: i2‘38xo’9793 =: 12*12 chs. 

By logarithms — 

Latitude =: Distance X cos. Bearing. 

log. Lat. ~ log. Dist. + L. cos. Bearing— 10 
= log. 12*38+ L. cos. 78"^ 20' — 10 
= 1092721 +9305819 — 10 

= 0-398540. 

Lat. = 2-50346 chs. ; 

Departure = Distance X sin. Bearing. 

.*. log. Dep, = log. Dist. + L. sin. Bearing — 10 

= log. 12*38 + L. sin. 78^20' — 10 

= 1*092721 + 9990934 — 10 

= 1-083655 

Dep. = 12*1243 chs, 

15. Travkrsk Computation Form. (Fig 335.) Subjoined is the 
traverse Computation Form of an actual survey showing the system of entering 
the angular work and measuremenls made in the field with the whole process of 
calculation thereof:— 


observations. 


^ • When the jfivon bearing is 0“ or 180® exactly, the reduced bearing will be entered at 0° ; and when 
90 or 270 exactly, the reduced be.'iring v\ ill be entered at f;oV 

M I I^the bearing of the line is o", go®, 180" or 270" exactly, the cardinal direction will of course be the 
IN., b.., o. or \V., respectively. 



Traverse Computation Form 
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Column I.— Contains the letters representing the of the surve-y. 

(StT lield-bonk, Art. 7.) 1 • r / 

Colunin 2.—G(Mitmns tliG ds obscrvLcl in the field. \Scc 

field-book, An. 7.) 

Column 3.—Contains the corrections made in tho.se ai^^les so that the 
ist condition (of Art. 9) may be fiillillcd. {Sec Art. 10.) 

Column 4 —Contains the deduced bearings of the several lines, as per 
rule in (Art. 11). 

Column ^--Contains the cardinal directum of each line. 

Column 6,—'Contains the reduced hearings of the several lines, for the 
purpose of calculation. (vSV^ Art. 13.) 

Column 7.—Contains the distances as mc'asured in the field. {See field- 
book, Art. 7.) 

Columns 8, 10.—Contain the diffcrtiiccs of latitude reckoned on the 
\\\0A\i)^\\\\\^het'iecen every tivo stations, {See Art. 14.) 

Columns 12, 14.—Contain the departure of each station from the meri¬ 
dian of the preceding one. {See ;\it. 14.) 

Columns 9, ii, 13, 15.—Contain the corrections applied to the latitudes 
and departures mentioned in columns 8, 10, 12, 14, so that the 
second and third conditions of (Art. 9) may be fulfilled. [See 
Art. 10.) 

Column 16,—Contains the / ittlude of ear'll station from the first in the 
series. The letters N. and S. show whether the several stations 
ate situated north or south of the first station. {See Ait 4.) 

Column 17.—Contains the r/c/>r7/'////'e of each station//'r?/// the first in 
the series. The letters K. and W. show whetluT tlu‘ several 
stations arc situated east or west of the first station. {See 
Art. 4.) 

Column 18.—Contains the sums of each successive pair of co-ordinates 
in column 17, for area. 

Columns 19, 20.—Contain the north and south products of column 18 
with columns 8 and 9, or 10 and 11, for area. 

Columns 21, 22,—Contain the area of [)lus or minus offsets calculated 
by means of the talc-square, on either side of the survey lines, 
to be added or subtracted from the total area of the polygon. 

16. Calculation of its several ( ollmns. (Fig. 335.) If each 
quantity is compared with the diagram, the mode of obtaining its corresponding 
result will be easily understfjod. The following calculations refer to the Traverse 
Computation Form of (Art. 15). 

For col. I. —iMiier the station letters, which are taken from the field-book in 


(Art. 7), beginning and ending wfith the starting-point A. 

For col. 2.—Knter the observed inward angles, which are extracted from 
the field-book in (Art. 7), leaving the space opposite the first letter A blank, 
and beginning wfilh the angle (63*^ 25') at 1 ) between A and C against B, the 
angle (223° i C) at C between B and D against C, and so on, ending with the 
angle (222° 14') at A betw(;en II and J 3 against the last letter A. Next, total up 
all the angles u,o?o° 01') wdiich in the given 8-sided polygon, should, by the rule 
in (Art. 9), be 8 X 180° — 360^ ~ 1,080”. 

For col. 3.—The sum of the angles in column 2 is in excess by 1 , hence 
this is rectified by subtracting I'from the largest angle at station E, by the rule 
of (Art. 10). 

For col. 4.—The bearing of the first line AB was observed at A to be 
281” 40'. This is placed opposite station B. The bearings of the other lines are 


found by the rule in (Art. 11). Thus 

(Bear. AB) 281 ° 4o' 4 - (inward .1 B) 65” 25’— 180'’ = 167" 05' (Bear. BC), placed opposite C 


BC) 167 
CD) 210 
DK) 72 
EF) 134 
FG) 27 
GH) 326 
HA) 239 


os + ( M „ Cj 223 II — 180 - 210 16 ( 

16 -f ( „ „ D) 42 i 4 — 180 =72 30 ( 

30 T ( „ » E) 242 II — 180 = 134 4 * ( 

41 T ( „ „ E) 73 05 — 180 = 27 4^^ ( 

46 -F ( „ ,, G) 119 09 -F 180 = 326 55 ( 

55 -F( „ „H) 92 31-180 *= 239 26 ( 

26 -F ( „ „ A) 222 14 — 180 = 281 40 ( 
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For col. 5. Opposite each of the deduced bearings of column 4, enter the 
cardinal directions of the respective lines they represent, according to the rule in 
(Art. 12). 

For col. 6. Convert the deduced bearings into reduced bearings for the 
purpose of calculation, by the rule in (Art. 13), and enter the same opposite their 
corresponding deduced bearings of column 4. Thus : — 


— 

281° 

40' 

(i^ 

ear 

•) + 360° 

r= 

78° 

20' 

(Red. 

Bear.) 

— 

167 

05 

( 

)» 

) + 180 


12 

55 

( 

>. ) 

+ 

210 

16 

( 

) y 

) — 180 


30 

16 

( 

) 

+ 

72 

30 

( 

i ) 

) 


72 

31^ 

( 

.. ) 

— 

'34 

41 

( 

n 

0 

CO 

+ 


45 

•9 

( 

) 

+ 

27 

46 

( 

n 

) 


27 

46 

( 

. ) 

— 

326 

55 

( 

)) 

) + 360 


33 

05 

( 

H ) 

+ 

239 

26 

( 

)) 

) — 180 

= 

59 

26 

( 

.. ) 


For col. 7.—Filter the measured distances of each line which are taken from 
the field-book in (.Art. 7), beginning with the distance All (i 3 ’ 38 ) opposite the 
letter H, the distance FC ( 30 ’ 55 ) opposite the letter C, and so on to the end. 

For cols. 8, 10, 12, 14.—Work out l)y either of the rules in (.Art. 13b the 
latitude and departure of each station with reference to the preceding station, 
entering the results of station B opposite the letter B, of C opposite the letter C, 
and so on, in their respective column-! marked north, south, east and west, as 
indicated by the corresponding cardinal direction of col. 5. 'I'lien add up each 
of the columns, when the north should balance with the south, and the cast with 
the west, in conformity with the rule of (.Ait. 9). 'Dins, by the Traverse Table: 


Lat. B (Ab) = AB X cos. 78° 20' 

Dep. ,, fAb') = ,, X sill. 78 20 

Lat. C (he ) =: BC X cos. 12° 55' 

Dep. „ (b'c') = „ X sin. 12 55 


Lat. D ted ) = CD X 


Dep. „ 
i.at. f: 
Dep. „ 
Lat. F 


sin. I ^^55 
Cos. 30 '^ 


te'd') 2= ,, X sin, 30 16 = 

(de) =2 Dl'i X cos. 7.2" 30' — 

td'e') — X sin. 72 30 = 

(efi = FiF' X cos. 45'^ 19' = 


12'38 X 0 2022 
12-38 X 0-9793 
20-55 X 0-9747 
20-55 X 0-2235 
23-85 X 0-S637 
23'>^5 X 0-5040 
17-40 X 0-3007 
17-40 X 0-9537 
14-49 X 0-7032 


Dep.,, te'f') = ,, X sin. 45 19 = 14-49 X 07110 = 


Lat. G 
Dep. „ 
Lat. H 
Dep. „ 


2-50 N., 
1212 W. 
2003 s. 

4 \S 9 E- 
2o'6o S. 
12 02 W. 
5’23 N- 
16-59 E. 
1019 S. 
10-30 F. 


tfg i = F'G X cos. 27" 46' = 30-36 X 0-8849 = 26-87 N. 

tf'g'i = ,, X sin. 27 46 •- 30-36 X 0-4659 = 14-14 E. 

(ghi =011 X cos. 33° 05' = 24-90 X 0-8379 = 20 86 N. 


X sm. 


>5 = 24-90 X 0-3459 = i 3'59 W. 


Lat. A (liA) = HA X cos. 59° 26' = 913 X 0 5085 =; 4 64 S., 
Dep.,, th'A) = ,, X sin. 59 26 = 913 X 08610 = 7-86 W. 

For cols. 9, II, 13, 15.—d'lie difference between the total north and south 
latitudes is o, hence no corrections are necessary for cols. 9 and 11 ; and the 
difference between the total east and west departures is 7 links, two of which are 
subtracted from the greatest lengths (16 59 and 14-141 in column 13, and i 
added to the greatest length (13-591 in column 15, to equalize them. The cor¬ 
rections are arbitrary and applied according to the rules of (Art. 10). 

F'or cels. 16, 17.—By the rule in (Art. 5) calculate the latitude north or south 
and the departure cast or west, of each station, placing the result opposite it with 
its indicative letter N or S and F or W, as the case may require, prefixed. The 
latitude (N. 2-50) and departure (W. 12-12) of B from A will be the same as in 
columns 8 and 14 ; that of C from A will be S. 20 03 — N. 2-50 ■= S. 17-53 latitude, 
and W. I2'i2 —-F. 4-59 = W. 7-53 departure, and so on for the rest. A shorter 
rule for finding the quantities in columns 16 and 17 may be framed as follow’S :— 

“ Take the sum or difference of the preceding in col. J? and the fol- 

dei'Irture 

like symbols taking then sum .ind prefixing their symbol, and in the case of unlike 
symbols taking their difference and prefixing the symbol of the greater of them.” 
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For example, the latitude of F = sum of S. 32-90 and 
the departure of F = diff. of \V. 2'97 3 *^ ~ 

remainder. 

Thus:— 


S. io'i9 = S. 43 09, and 
li. 4’36 ; and so on for the 


(Col. 16). 


B 

= sum of 

0*00 and N. 

2*50 = N. 

2 "SO. 

C 

= diff. „ 

N. 2-50 

)> 

S. 

2003 = S. 

17' 53 . 

D 

= sum ,, 

i 7’53 

n 

s. 

2 o'6o = S. 

38-13. 

E 

= diff. „ 

S. 38-13 

»» 

N. 

5'23 = 

32' 9 °. 

F 

= sum ,, 

•S. 32-90 


S. 

1019 = s. 

43 •09. 

G 

= diff. ,, 

.S. 43-09 

»» 

N. 

26-(-‘7 = S. 

i6 ’22, 

H 

J) »> 

S. 16-22 


N. 

20-86 = N. 

4 64* 

A 

^ M >1 

N. 464 

)i 

S. 

464 = 

O’qO. 


vCol. 17,) 


B = sum of o oo and 

W. 12-12 = W. 

12-12, 

C = diff. „ W. 12-12 „ 

E- 459 = 

7 ' 53 . 

D = sum ,, W. 7 53 ,, 

\V. 1202 = w. 

‘ 95 . 1 . 

E = diff. „ W. 19-55 „ 

E. 16-58 = W. 

2 ‘ 97 . 

F = „ „ W. 2 97 ., 

E. 10-30 = E. 

7 ' 3 . 3 , 

G = sum ,, E. 7-33 „ 

E. 1413= E. 

21 -46, 

11 = diff. „ E. 21-46 „ 

W. 13-60 = E. 

7-86, 

A = „ „ E. 7-86 „ 

W. 7-86 = 

0*00. 


For col. 18.—Transfer the first quantity (W. la’ic) of col. 17 opposite It; 
then take the sum or difference of the 1st and 2nd quantities of col. i 7, for the and 
quantity in col. 18 ; the sum or difference of the and and 3rd quantities of col. 17, 
for the 3rd quantity in col. 18 ; and so on to the end—in the case of like symbols 
taking the sum and prefixing their symbol, and in the case of unlike .symbols 
taking their difference and prefixing the symbol of the greater of them. Thu.s, 
for the and quantity in col. 18 opposite the letter C, take the sum of W. 12 i2 
and W. 7‘53=W. i9'65 ; and so on for the others. Thus :— 


Quantity opposite B = 

sum of 0*00 

and W. 

1212 = W. 

1212, 

n n 

c = 

„ „ W. 12-12 

II 

w. 

7-53 = W. 

‘ 9 ' 65 , 

)) >) 

D = 

W. 7-53 

II 

w. 

‘ 9‘55 = W. 

27-08, 

ft ji 

E = 

„ W. 19-55 

II 

w. 

2*97 ~ 

22-52, 

jj t) 

F = 

diff. „ W. 2 97 

M 

E. 

7'33 = E. 

436, 

ij i) 

G = 

sum „ E. 7-33 

) J 

E. 

2146 = E. 

28-79, 

if JI 

H = 

„ „ E. 21-46 

)l 

E. 

7-86 = E. 

29 ’ 32 , 

II II 

A = 

„ „ E. 7 86 

I) 


0-00 = E. 

7-86. 


For cols. 19, ao.—Multiply each quantity of col. 18 by the corresponding 
quantity of col. 8 or 10, and place the products opposite them in col. 19 or ao, as 
indicated in the heading, namely, north, where the multipliers are north by east or 
south by west; and south where tlicyare north by west or south by east. Thus, 
opposite to the letter B, the product will be N. a'5o x W. la'ia =313 in col. ao, 
and so on. It must be recollected that the multipliers are chains, hence the 
product will be in square chains, which must have the decimal pointj^removed 
to one place on the left to reduce it to acres ; for instance, a'50 X la ia chs. = 
30 3000 sq. chs. = 3 03 acres, kept to two places of decimals. Next total up 
the two columns separately, and subtract the lesser sum from the greater, dividing 
the remainder by 2, which will be the area of the polygon without offsets.— 

To obtain the products, proceed thus :— 

Product opposite B = N. 2'5o X W. I2 ia= 303(00!. 20, southV 

„ „ C = S. 20 03 X W. 19 65= 39-36 ( „ 39, north), 

„ „ D = S. 2060 X W. 27 08= 55 78 ( „ „ „ ), 

= N. 5-33 X W. 22-52= i'' 78( „ 20, south), 

F = S. 10-19 X E. 4-36= 4 44 ( 

G = N. 26-87 X K. 28-79= 77-36 ( „ 19, north), 

H =: N. 20 86 X E. 29-32= 6116 ( „ „ „ ), 

A = S. 4-64 X E. 7-86= 3 65 ( „ 20, south). 
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For cols. 21, 22.—Having calculated the areas of offsets to the right and left 
of all the lines of the survey by the talc-square, enter those outside of tlie polygon 
in the additive column (col. 21) and those inside in the subtractive column (col. 
22), opposite the respective lines to which they appertain. Ihcn tottil up each of 
the columns separately, and subtract the lesser sum from the greater, the difference 
being the total area of the offsets, additive or subtractive, as the case may be, 
to the area of the polygon already found, for the area of the crooked figure sm- 
veyed, in acres. The area as found in the 'Traverse Computation Form of the 
Figure = 99'o6 acres. 

17. Plotting. (Fig. ,3,'ts ) To plot the traverse from the Computation 
Form in (Art. 15), fix upon some convenient point A on the paper for the station 
of origin of the survey, through which draw a line NS to represent its meridian, and 
another line WK perpimdicular to the former. Now in a corner of the paper lay 
down the scale on which the plot is to be drawn. 1 hen to plot station B take 
from col. 16 its latitude N. 2'5o, and lay it off, by nu-ansof a pair of compasses 
.and the given scale, along the meridi.an line from A nortli, namely, Ab ; again take 
from col. 17 its departure W. I2'i2, and lay this olf .along thi; per|)endicular line 
from A west, namely, Ab‘; througli b draw a line bB west par.allel to Wh, and 
through b’ draw a line b'B north parallel to NS, thus the position of B is fixed ; 
join AB, and take off from the given scale its distance i2'3B, obtained fruui col. 
7, which should correspond with the length of the line AB on the plot. Similarly 
plot— 


C by the 

(Lat. col. 16.) 

co-ordinates Ac = S. i 7 ‘ 53 > 

(Dep. col. 
Ac' = W. 

> 7 .) 

7 ' 53 : 

Dd „ 

) J 

Ad = S. 38-13, 

Ad' = W. 

'9 55 : 

)) )) 

)) 

Ae = S. 32-90, 

Ac' = W. 

2-97; 

n )) 

)) 

Af = S. 43-09, 

Af' = E. 

7 ' 33 : 

G „ „ 

)) 

Ag = S. 16-22, 

Ag'= E. 

21-46; 

11 „ 


Ah = N. 464, 

Ah' = E. 

7-86; 


and join the points BC, CD, DK, Eh', FG,GII, and HA, testing the distances taken 
from col. 7, as before. 

18. Section Paver. (Figs. 335, 474.) If the survey be too large to 
admit of the co-ordinates being conveniently laid down from the initial meridian 
and perpendicular, section paper is employed for the purpose, which is paper ruled 
in squares of i inch sides. (Fig. 474) represents section paper so ruled, and if 
the circuit is to be plotted on a scale of 10 chains = 1 inch, each square would 
therefore contain 10X10-- too square chains or 10 acres. Supposing it is 
required to plot the traverse shown in (Fig. 335), on a scale of 10 chains = i inch 
but with all the distances in chains doubled, as follows:— 


Ab = N. 5'oo, 
Ac = S. 35 06, 
Ad — S. 'jG'zO, 
Ac = S. 65’8 o, 
Af = S. 86-18, 
Ag= S. 32-44, 
Ah = N. 9’28, 


Ab' = W. 24*24, 
Ac' = W. 15-06, 
Ad' = W. 39-10, 
Ae'==W. 5 - 94 . 
Af' = E. 1466, 
Ag' = E, 42-92, 
Ah' E. 15-72, 


AB = 24-76; 
BC = 41-10; 
CD = 47-70; 
DE =- 34-80; 
EF = 28-98; 
F'G = 60-72 ; 
GlI = 49-80; 
HA = 18-26. 


Then proceed to plot the work thus, having first provided yourself with section 
paper with lines ruled i inch apart, both meridionally and pcrpcndiculaily : On a 
convenient part of the paper fix upon a point A {see Fig. 474 ) at the mtersection 
of two lines, to represent the first station ; the nortli and south hne through it is 
therefore the initial meridian, and the east and west line the initial peipendiculai. 
Write o at each extremity of these lines ; at the extremities of each line paral c 
to the initial meridian and away from it to the east and west sides, ^vnte succes¬ 
sively 10, 20, 30, etc.; and at the extremities of each line parallel to the initial 

22 
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perpendicular, and away from It to the north and south sides, write successively 
10, 20, 30, etc. ; draw the scale of 10 chains = i inch at the bottom of the paper, 
which is now ready for plotting. To plot B, lay off from the given scale bB = 5’00 
north of the initial perpendicidar, and b'B = 4‘24( = 20 + 4*24) west of the 
meridian marked 20; for C lay off cC --5*06 30+5 06) south of the perpendi¬ 

cular marked 30, and c'C" = 5 06 ( = 10 -f S'o6) west of the meridian marked 10; 
and so on for the rest, always protracting from the meridian and perpendicular 
nearest the station on the side of the initial meridian and perpendicular. 

19. Reduction 10 triangles. Fig. 454.) Another accurate method 
of finding the area of a theodolite traverse is to reduce it to triangles, calculate 
their areas separately by means of two sides and the included angle (Chap. Xlll, 
Art. 76), and total them up for the area of the entire ligiire, when any triangle 
falls without the iigurc it being excluded ; for instance, the area of the polygon ABC 
DEFA = ABC + CDE + l^AC — F^FA. If the polygon is very small, or in 
the case of a traverse made with either a prismatic compass or sextant, its area may 
be calculated by means of the acre-square or by casting {see Chap. VIII). 

20. I.NITIAL MEKIDIAN. In Small Surveys for engineering and other purposes, 
the magnetic meridian or the true meridian as found by the rules in (Chap. X), 
answers very well for the initial meridian to which all the co-ordinates arc referred, 
but for surveys carried over a great extent of country, like the Revenue Surveys, 
it becomes necessary to observe tlic initial meridian astronomically. In small 
surveys above referred to, however, it is better to obtain the true meridian, as it is 
invariable, whereas the magnetic meridian is constantly, though slightly, varying. 

21. Reduction of co-ordinates or* stations as referred to ori¬ 
gin. (Fig. 433, 435.) In extensive surveys it is frequently necessary, for the 
plotting of small-scale maps, to reduce the co-ordinates of traverse stations at tri- 
junctions and oth(TS with reference to the origin of the series ; so that having given 
a certain number of the points so obtained, the filling in of the details off the larger 
scale map (such as 16'') to a smaller scale one (such as i" or 2") may be readily and 
accurately done by means of a pantagraph or any other method. To facilitate this 
reduction the following form has been prepared, which is self-explanatory, and 
which will lend to reduce the labour of the ordinary calculations. The two 
examples (Nos. I and II) given have reference to Figures 433 and 435. In both 
cases the main circuits and the village traverses arc denoted, respectively, by thick 
and thin broken lines, and only the stations referred to in the form shown, while the 
intermediate ones (Ao, A^, etc., Bj, B3, etc., of Fig. 435) have been omitted. In 
Fig. 435 the main circuit commences with © A i (the origin) and proceeds in 
serial order till it gets back to the starting-point ; it encloses 6 village ♦raverses 
each having its owm distinct scries also serially numbered for all new sides. In 
Fig. 433 the main circuit begins from its origin O (not shown in the Figure) and 
similarly encloses a certain number of village traverses, only 2 of wdiich appear 
in the figure. Now, in order to obtain the co-ordinates of any required station 
(as A16 of series No. 4 of Fig. 435), called “deduced,’’ as referred to the origin 
(Ai), all that it is necessary to know (and these data are given in the Traverse 
Computation Form) are the co-ordinate values (i) of the “ duduced station (A 16) 
from the first (Ai i; of its scries (No. 4), (ii) of the “ station of connection ” (also 
All) from the first (An) of the series (No. 4), and (iii) of the “station of 
connection” (An) from the origin (Ai), and to take the algebraic sum of their 
corresponding entries (under “ Meridian ” and “ Perpendicular”), the directions of 
the entries for (Ii) however being previously reversed, that is, S. read for N., W. 
for E., and vice versa. 

In this connection, also, for the purpose of the preparation of Small-scale 
maps, it is often required to obtain the rectangular co-ordinates, as referred to 
origin, of trigonometrical and other stations of which the latitude and longitude 
are knowm, including the corners of the squares of such projections, and likewise, 
conversely, to find the latitudes and longitudes of points of which the co-ordinate 
values are given. The examples (Nos. Ill to V) which appear below illustrate the 
methods of work for arriving at the desired resul:s ; the calculations are self-evident. 

If, again, it is desired for any purpose (i) to find the direct distance between 
any two stations of a traverse with the bearing of such line, or (Ii) to compare the 
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direct distance by traverse with that by triangulation, the computation for the 
obtaining of these results will be as follows. 'I'o take the traverse given in (Art. 

*5)- 

(i) Required the direct distance between stations A and F and the bearing of the 
line : 

Meridian co-ordinate (Y) S. 43*09 chains 

... Log. 1*631376 

Perpendicular co-ordinate (X) E. 7*33 chains 

A. C. of f.og. 8'3656?4 
. ... Log. 0-865104 

Bearing or a if 39' ; sum = I^og. tan. a 

,. ... 9'■> 307‘‘8 


Log. sec a 10*006189 

Log. Y. 1*634377 

Direct distance by traverse 28 85 chains 

. ... f.og. 1*610566 

(ii) Compare the direct distance by traverse 
stations A and F: 

Meridian co ordinate (Y) S. 43*09 chains 

with that by Iriangulation between 

.. ... l.og. 1634376 

Perpendicular co-ordinate (X) E. 7*33 chains 

A. C, of Log. 8*36:624 
.. ... Log. 0*80510; 

Bearing or a ~ f 39'; sum = Log. tan. a 

.. ... 9 ‘-" 3 o 72 S 


1 . 0 >r. SfC. n 10•0061 S() 

Loi,'. Y. r634377 
66 1*819544 


Direct distance by traverse 2,885 feet 

... Log. 3*460110 

Direct distance by triangulation 2,888 feet 

... Log. 3-460597 

Difference of Logs. 0*000487 

Error of traverse per mile in fort ♦ 

6 


OBSERVATION. 

♦ The error per mile in feet is obtained by dividing the difference of Logs, of direct distances by 'oocoSi, 



Examples I and II .—Reduction of Co-ordinates of Traverse Stations {at tri-junctions or other), as referred to Origi 
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Examplk III. — Computation of Rectangular Co-ordinates oj Trigonometrical and other 
stations of which the I^atitudc and Longitude are known. 

From Origin x. 77^ oo‘ N.^ L.gCP 00* E. [Pegu District). 


Number of Sheet 

; 79 E. i 

'270 W. 

279 W. 

280 E. 


Name of Station (S) 

0<tS2 j 

0 a 368 

a. 17’ 3f>’ N. 

' ii.. 96151*- 

CX. 17° 15' N. 
ni.. 96 15 K. 


Long, of Origin ( 0 ) 

n / „ 1 

06 0 > 00 ' 

1 

0 t ti 

96 00 00 

0 / // 

96 00 00 

0 1 It 

56 00 00 


» (S) . 

(j6 17 00 

96 14 00 

96 15 00 

96 15 00 


Difference 

0 17 00 j 

1 

0 14 00 j 

0 15 ou 

0 15 00 j 


„ in seconds 

1,02') 

810 j 

900 

900 1 


Log. II 

3*( 08600 j 

2*924270 1 

2-951242 

2-954242 


Log. from Tab. LIfor Lat. 
ofiS). 

A. C. of Log. 66 

i'‘j 86 i 7 S 

8 1S04.56 

1 i‘ 9 S() 2 i 9 1 

1 8*180156 

i'!/ 8 S 747 

8iS>-156 

1-986337 
j 8 -i 8{)456 

-- 

Sum =; log. X 

3173 t 3 i 

3 '^’<J <‘954 


j 3 *i-’i ‘'35 


X (ICasting or Westing) in 

|1'1- '.49772 

1-;. 1,23297 

K. 1.319*61 

E 1,321-40 


chains. 

Twice log. of Diff. ofLong. (4 

0-0172 

5-8186 

5 0 "85 

5-9085 


places). 1 

Log. from Tab. LV* for Lat. 

of(S). 1 

Sum -log. Arc-versine 

7 -S 389 

7 8404 j 

7-8447 

r 8303 


18561 

. _ 1 

I -O^'oo 

'■7732 

r-7478 


Arc'vcrsinc in seconds 

01 

1 00 

01 



Lat. of (0) 

0 t // 

I7 00 00 

1 0 i It 

j 17 00 00 

0 t ,f 

17 00 00 

0 t If 

1 7 00 00 


Lat.offS) 

17 14 GO , 

1 17 18 00 

17 30 Oo 

17 15 00 


Difference (d) ... ... 

+ 0 14 00 

-fo 18 00 

+ 0 30 00 

To 15 00 


Arc-vtTbinc in seconds 

01 

00 1 

01 

01 


Algebraical sum--^Y in arc ... 

+ 0 14 01 

0 18 00 

-f- 0 30 01 

T 0 15 01 


Y in seconds ... ,,, 

“541 

1,080 

1,801 

901 


±JYinarc 

07 00 

u , V 1 

To 09 00 j 

0 1 It 

-ho 15 (0 

0 t II 

T 0 07 30 


Lat. of ( 0 ) 

17 <0 00 

17 cto 00 

17 00 00 

1 

17 00 00 


Algebraical £urn ... 

17 (.7 00 

17 09 00 j 

17 15 00 

17 07 30 


Log. from Tab. LIU* for 
Algebraical sum. 

Log. of Y in seconds 

2-003680 

2*003681 1 

2*003685 

2*003680 

1 

2-924790 

3033424 

3 - 2 S:.SI 4 

2-954725 


A. C. of Log. 66 

.S-i8<’456 

8-180456 

8-i8o45fi 

^ 8*180456 


Sum = log. Y 

3-108932 

3-217561 

3*439055 

3*138861 


Y (Northing or Southing) in 
chains. 

N. 1,285-09 

N. 1,65009 

N. 2,752-04 

N. i, 376'77 



• Of the ** Calculating Tables, ” 5th edition. ^ 

Noth.—X is East or West of Ori|*in according as the Longitude of the Station is greater or less than 
that of the Origin. 

(d) is ± according as the Latitude of the Station is greater or less than that of the Origin. 

Y is North or South of the Origin according .as Y in .arc is ±. 
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AID TO LAND-SURVEYING. 


INDEX. 

(Scale I inch = i mile, for } Degree sheets) 



Example IV.— Computation of Latitudes and Longitudes of Stat{o 7 is of 
which the rectangular co-ordinatesfroyn Origin are known, 

Ori<^in of Survey =X. \f oo' oo" N., L. 96^00' 00" E. 

Coordinates of'S^ (Station) = 1,390*87 N. ( + ) and i,392;54 E. ( + ). 

Y 1,390 87 chains = 9 J »797 (Table I *). 

X = 1,392*54 chains = 91,908 feet (Table I *). 

(i) Y in feet = 91,797 ... ... log. = 4*962828 

Y in arc = 918seconds, approximately 

= 15' 

.'.X. ofOrigin+ .} Y = 

(corresponding log. in Table LIII*) ... = 2*003680 

Yin arc = + 15' 10*22" = 9io'22" ... log. = 2*959148 

(ii) Xin feet = 91,908 ... ... log. = 4*9634 

Latitude of Origin + Y in arc = 17° 15', 
from Table LIV* ... ... log. = 1*9863 

Difference = 2*9771 


, . 5*9542 

From Table LV* corresponding to X. 17® 15' log. = 7*8393 

Arc-versinc = 0*62" ... ... log, = ^'7935 

(iii) Latitude of 8^=17® 00'00" + 15' 10*22" — 0*62" = 17® 15' 09*60" N. 

(iv) X in feet = 91,908 ... ... log, =4*963353 

Table LIV* corresponding to X. 17® 15' 09*60" log. = 1*986330 

X in arc = + 15' 48*47' = 948 * 47 " ••• log. = 2*977023 
Longitude of 8^=96® 00' 00" + 15' 48*47" = 96® 15' 48*47" E, 

INDEX. 

(Scale 1 inch = 4 miles, for i Degree sheets.) 



OBSERVATION. 

• Set " Calculating Tables,” 5th edition. 
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K.xampLE V .—Computation of Rectangular Co-ordinates of Intersected Points 

{Pegu District). 


Number cf Sheet ... ... 

2/9 

... .. 

Intersected Point C ... ••• 

Pagoda. 


Name of Station A 

©T> 


Name of Station B ... 


©s* 


Direction at A 


0 1 If 

5 29 39 


Direction at B 

349 31 43 


1 -g. (X. -X. )-log. + : 4 - 3 > 

r 155640 


-h log. cot. A 


00 

00 


Sum 


2*172527 

. 

± Natural Number 

+ 

148*87 


(Y» —Y. ) 

d- 


...... 

K = Algebraical Sum 

I4926 


log. tan. B 

9*264641 


d- log. co\ A 

1 1*016887 


Sum 

0 2S1528 


I,=si + Natural Number 

Id- 

1*91 


log. K 

2-173944 


— log. L 

1 

0-463893 


Difl.-log, (Yc -~Y. ) 


1*710051 


± (Yc —Yb ) 

; d- 

51*29 

. 

± Yh 

1 d- 

*1390*87 


± Yc 

: d- 

i,U2*l6 


log. (Yc -Y. ) 

1 

1*7x0051 


d- log. tan. B 

1 

1 

9*264641 


Sum == log. (Xc — X ) 

1 

0974692 


± (X -X ) 

! — 

9-43. 


± Xn 

i + 

1.392-54 


± Xc 


1,383-11 



Notb. —Talie as Station A that one the abscissa of uljich has the lesser numerical value. 

Ya, Yii,Yc are the reclanijular ordinates (North or South) and XsX”»Xc: the rectanjjular abscissx 
(Kast or West) of the stations of Observation A andB, and of the Intersected Point C as referred 
to Orign. 

The angles A and B arc the directions of C from A and B with respect to the meridian of the origin, 
i,e , the centre of the Degree Sheet. 

Where the double sign ± is given, the sign of the term varies according to the relative positions of 

A, B, and C. 


































AID TO LAND-SDRVBYING. 

Extract from Minhu Circuit No. i, Paunglin Sttivcy, Pcgt^ District. 


i 

Stations. 

Observed 

angles. 

U 

T 3 

S8 

A> 

M' 

^ » 

170 48 
1/4 5 « 

32 10 


Station of 
observa¬ 
tion. 

h'orward 

station. 



T3 

S 3 

S 3 : ... 

a' 


KUII FROM THE 
TREC EPINC.. 


CO-ORDINAIKS. 

I From origin. 


Meridian. Perpendi¬ 
cular. 


F. g-^i) 

K. 1 4 '31 

K. irgi 


Meridian. Perpendi¬ 
cular. 


N. 1,391-56 \ l . 1,36^-34 

N. i, 3 gi* 2 () K. 1,378'23 

N. 1,39087 F. 1,392-54 

N. i, 39 I ‘59 F. 1,104-45 


Intersected Point — P, 

•*Vi,- • »Ot» I j 

h'orward „ • Intersected ' Convcri^cncy Direction with reference to 

stadon. hearings. , Bearings. _ , MerkW^n of Origin.f 



,5 25 : 4 - 4 39 
1349 30 j d- 4 42 


5 29 30 

349 34 43 


PLAN 

Scakf to Chains = / Inch. 



OBSERVATIONS. 

* Convcrgency at ©T* = 0-2023'^ X 1,37^*23 = 278’82" = 4’ {See lable XLII of “Calculating 
Tables,*’ 5th edition). 

Convergency at ©5^=0*2023" x 1,392-54 =: 281*71' = 4'4F7i {See Table XLII of “Calculating 
Tables,” 5th edition). 

t Origin of Surveys X. 17® 00’ oo" N., t.. 96° 00' oo*' E. 

1 Calculated values of ©S* are : X. i ,0" 15' 09-60" N., L. 96" 15 48-47 F*— t'He Example IV, Art. 21 
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22. CONVERGENCY OF MERIDIAN. (Fig. 476.) If a traverse Is carried 
over a large tract of country extending several miles in length, as is practised in 
the Revenue Survey, it becomes necessary to check the accuracy of the work by 
astronomical observations for the determination of the meridian at stations about 


every 10 milt*s apart. The meridian thus observed is the true nuaidian at the 
station of observation, but as the Traverse System is bas(‘d on the assumption 
that the earth is a plane, certain corri^ctions must be applied to the observed imui- 
dian to make it parallel to the meridian of origin. I'liis correction is called the 
convergcucy of the mtridian, and is to be added to, or subtracted from, the observed 
meridian, as the station of observation is 7 vest or cast of the meridian of oiigiii. 
This will be clear from the following illustration :— 

Let a be the starting-point of a survey, where the true meridian called 
the “ meridian of origin,” has been astronomically laid down, and to which it is 
necessary to refer all other points connected with the survey operations, in order 
to preserve their relative positions by the application of the traverse system of 
rectangular co-ordinates, drawn r(‘spectively parallel and perpimdicular to the 
meridian of origin. Suppose the survey to proceed along the lines ab^ bc\ etc., 
either eashvard or ivestward, to e, where, owing to the distance traversed, and the 
number of angles observed between it and the lirst station, it becomes necessary 
to check the work by re-observation of azimuth. is the tiue meridian passing 

through e, converging to the north pole and thus inclined to the initial meridian. 
This angle of Inclination is the measure of convergency at e, with reference to a. 
Now, th:; true meridian being determined at c, the bearing of the forward line r/is 
the angle N'^, to which if the convergency N'cn is applied (being subtracted if e 
is to the eait of a or added if to the i.^est'), there will be obtained the reduced hear- 
ing ucf e^{ the line ef. But the deduced bearing of the line c/, as obtained from 
the Computation Form (Art. 15), is also measured by the angle nef \ lumce the 
deduced and bearings of ^/should agree, any (lifferenc(‘ showing the error 

of the former between the points a and c. This error is then to be divided 
amongst the bearings of the preceding survey lines, plus or as the case may 

be, and the bearings corrected accordingly. 

To find the convergency of the meridian at a place, the latitude of the place 
and the departure from the station of origin must be known ; and it may then be 


found by the following rules ;— 

For deparlurc in Miles 
For departure in Chains 


To the constant log. 


r938792 

L 035702 - 


add log. tangent (less 10 in the index) of the latitude and log. departure in 
the sum is the log. convergency, in minutes. 

Example : Find the convergency for - ( y '^. - ci'nJns departure, in latitude 18° 


For departure in Miles- | For departure in Chains. 


Constant log. = i' 93^792 Constant log. == 2'o357o2 

L. tan. lat. (less lo) = r5« 1776 L. tan. lat. (less 10) = i'5i 1776 

log. 12 (miles) = 10 79181 log. 9C0 (chains) = 2'98227r 

Couv. (=3'2r2")= 3 386'= o ;529749 ! Conv. (=3'21-2")= 3-386'= 0-5:9749 

Convergency for every degree of latitude from 0° lo 60° has bi'cn calculaTcd 
in (Pahle XLII, " Calculating 'Tables,” 51I1 edition) for i mile or i chain of 
departure, and given in seconds if the departure is more than i mile or 1 chain 
multiply it by the corresponding convergency given in the l-able, for that required • 
as the convergency is proportional to the departure. If the latitude contains part 
of a degree, the convergency for it can be found by simple proportion. 'Thus in 
the above example:— 

Convergency = 12 (miles) X i6’93" = 203-2" = 3' 23 2"; 

„ = 960 (chains) X o'2ii7" = 230 2" = 3' 23’2"' 

23. The relaying of Boundary Marks.* (Fig. 502.)' Tlifs subject 
follows that of convergency in natural sequence. Unless the principle of 

OBSKRVATION. ~ --- 

♦ From Kelly’s Hand-book of Practical Surveying for India. 


23 
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Ain TO i.and-survkying. 


(.onvcrijoncy be ihoroughlv understood, all attempts to trace up old survey lines 
and stations from traverse data must result in failure, and until tin; survey stations 
have; been identified, it is hoiieless to attempt the re-demareation of any boundary 
which depends entirely on the traverse lines from which it was originally measured 
by offsets. 

The first step, then, is to find the theodolite stations of the traverse survey 
of the boundary in question. Vor tins purpose it is necessary to identify at least 
one of the survey stations as a point of departure. Tlie surveyor must also be 
furnished with the following; rt cords of the old survey : A copy of the old 

plan on the lari^est scale available, showinij the survey stations and lines, the run 
of the boundarv, all boundary pillars, posts, or other marks taken up by the 
old survey ; also rivers, stri'ams. roads, and paths crossing the boundary line, 
and any ttnnples, pagodas, or other conspicuous buildings that may be situated 
near the boundary. The traverse data of angles, bearings, distances and 

co-ordinates. It is absolutely lu^cessary that the origin of survey should be 
distinctly recorded on the traverse, jrf The field-book of the boundary survey, 
showing the offsets from the traverse lines to the pillars and btmds of the boun¬ 
dary. It may ha[)pen that th(‘ field-book is not forthcoming, in which case we must 
measure the offsets on the large scale boundary plan with scab', and compass, and 
set off on the ground the measurements thus obtained. It is true that wc here 
depend entirely on the accuracy of the old boundary i)lot, but there is no alter¬ 
native, and once we have traced up and marked thcMuain circuit or village traverse 
lines and stations of th(Mdd survey skiiting the boundary, the boundary marks 
themselves can be relaid, if not exactly, yet with the closest approximation 
possible under the circuniNtanccs. 

In work of this nature the theodolite is indispensable and the chain (Gunter’s) 
must be carefully measured w'lih a standard chain or bar before commencing 
work. 'I'wo chains are n'ciuircd, one for use and the other for reference as a 
standard. 

Let us suppose that we are required to relay a certain boundary, the marks 
on which have all been destroyed. The theodolite stations of the boundary survey 
have also, with one exception, been removed. We proceed to this station (A), 
set up the theodolite over it, and there lay down a true north and south line AN, 
on which wc set up a referring mark. We now look at the traverse data and find 
that the reduced bearing of the next line AB is 84° 50'. From the meridian 
already laid down by us we could easily lay off this bearing, 84° 50', but it would 
not be correct to do so, because the bearings recorded in the traverse arc not true 
bearings in the abstract, but are true only with reference to the origin of survey. 
This origin may be miles distant, east or west, from the station on which our 
theodolite stands, in which case the true bearing will differ from the traverse 
bearing by the amount of convcrgency due at that point. In the present instance 
we know the distance of the station observed at east of the origin, and find by 
computation that the convergency is 5 minutes nii?ins. 

In the figure, AN is the true meridian, AO is parallel to the meridian at the 
origin of the survey, and NAO is the convergency angle. 

As the traverse (reduced) bearing is 84^ 50', it is clear that the true (observed) 
bearing at our station must be 84^^50'plus convergency angle, or 84° 55'. Now 
direct the theodolite to the referring mark just fixed by us on the true meridian 
line AN, clamp the lower limb (set to 360^) rn that position, and move the upper 
plate round until the vernier (A) reads 84^'’ 55', at which angle clamp the vernier. 
Leaving the theodolite in this position, send a flag-man in the direction indicated 
by the telescope, and motion to him to move right or left until the flagstaff is 
intersected by the cross-wires of the telescope. 

It must be understood that the flag-staff cannot in the first instance be set up 
at the required distance shown in the traverse which has yet to be measured, but 
its distance from the station should never fall short of the traverse distance, 
and may safely exceed it. A trained flag-man can judge the required distance 
very closely. Having obtained the true direction of the line, chain the distance 
given in the traverse. The flag-staff should then be brought up to the end of the 
line just measured, and again intersected by the cross-wires of the telescope to 
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make sure that there is no deviation in the direction of the line. The survey 
station B is thus fixed. 

Set up the theodolite next on the station B, clamp the upper plate at 360°, 
direct th(^ telescope to A, clamp tin* lower limb, and firing tin.* teli'scope round 
until the vernier (A) reads the an^le iss"" 25' at station B, as recorded in the 
traverse, in which position it is evident that the teU scope will point to station C, 
which must be fixed in the saiiu.* way as B. Next set up the instnunent at station 
C, and read off the ani^le 197^ 30' ^iven for that point bv the traverse, th(‘ result 
being that the telescope now points to station 1). Proceed thus from station to 
station, observing the angles and measuring th(‘ distances recorded in tlie traverse 
form, and while chaining from point to point car efully nu asure the required 
offsets right and left of the chain lin(‘, leaving marks on the ground to indicate the 
salient points, the bends and pillars or posts of the boundary thus relaid, which 
can be permanently marked after tlu^ completion of the survey. 

Let us assume another case. We want to fix the position of station D from 
A, without reference to the intermediate stations Band C, which arcj not required. 
Having been supplied with the traverse co-ordinates, we know the meridian and 
perpendicular distances of A and 1) from the origin, and the difference of co-ordi¬ 
nates will give the distance of one from the other. Thus :— 

A from origin ... ... N. Sbs’yS chs. E. 824*45 chs. 

D „ „ ... ... N. 615 30 „ K. 905‘65 m 


Distance of D from A N. 49*52 ,, E. 81*20 


We lay down the true meridian AN at station A, and from it lay off a line? 
AO b('aring 5 minutes (the amount of convergency) from AN. The line AO is 
parallel to the initial meridian, and on it \vc place a refi.Tring mark and measure 
the distance 49*52 chains north, up to^?. \\v next plant the theodolite on a, read 
off an angle of 90” with referenc(j to a flag at A aiul send another flag in the 
direction of D, to which the telescope points, and measure the distance 81*20 
chains cast, which fixes the position of D.* 

24. Stations. All stations should be marked by a wooden peg driven 
into the ground or by som(‘ other means whe-reby the station can be found when 
required. The intervening ground between stations should be cleared of jungle, 
tall grass, or other obstacle, to prepare the way for chaining and to secure mutual 
visibility of points. 

25. Revenue Survey Traverse. (Fig. 444.) Suppose it was required 
to perform a traverse according to the Revenue Survey method of a village and 
ground called Twante. Select a starting-point as station i, at which observe the 
true meridian ; then proceed to traverse round the boundary of the lands of Twante 
village called the fnain circuit, in the direction of 2, 3, 4, etc., back to station i, 
as explained in (Art. 6). Next take up the survey of sub-circuit No. 1, beginning 
at 10 round by G, F, 27 to i ; the remaining angles and distances being supplied 
by the main circuit. For sub’circiiit No. 2, begin at 16 by 28, A, H, G to 10. 
For sub-circuit No. 3, begin at 21 by D, C, B to A. Vox sub-circuit No. 4, begin 
at F by E, D to 21. 'Vhovilluge circuit ox sub-circuit No. 5, enclosing the village 
itself, there is no necessity to survey, as all the required data can be obtained from 
the adjoining sub-circuits by reversing their angles. Through the village two or 
three minor circuits may be run, as from F" to C, and from C to 11 . The details 
within the several snh-circuits and village circuits must be filled in with the aid of 
a plane-table. 

OBSERVATION. 

♦By the rules of Trigonometry (Chap. Ill, Art. 24), havin^^ giNen Aa(=:40’52 chains) and Da ( = 
81-20 chains), the direct line AD (=05’io ch.ains) may he found and also the .' n^de aAD ( = 58® 38'). 
And, if the back station (not shown in the Ficrurc) be traceable on the ground, the contained angle between 
it and D at A (through their respective reduced bearings) could be obtained, and the poiFit D thus readily 
determined by means of that angle and the distance AD. 
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CHAPTER XV. 

Levelling. 

1. Levelling deelned. [.evellmg is the art of determining and measur¬ 
ing. with the aid of scionlilic instruments, the relative heights and depths, or eleva- 
timisof places, points,and objects on and comparatively near the earth’s surface. 

2. TRtJE AND APPARENT LEVEL. (I'ig.458.) A line of true level is such 
that all points in it are ((iiially distant from the centre of the earth, and hence 
must be curved, as EHJ. A lin(> of apparent level at any place is a horizontal 
line passing through that place, and hence must be straight, as EB. The point 
B, on apparent level with E, is found by means of a spirit level placed horizontally 
at E. 

3. DtFEERENCE BETWEEN TRUE AND APPARENT LEVEL. (Fig. 458.) 
Let LEM represent tlie surface of the earth, G its centre, EB a tangent to its cir- 
cumfiTcnce at E. Then E and 13 aie in the same apparent level when B is seen 
from E ; .also E and H are on the same true level; and HI is the difference between 
the true and apparent level in reference to E at a distance from it equal to EH. The 
further the distance is extended from a point on the earth’s surface, the higher will 
the line of app.arent level rise above the line of true level; in other words, at J the 
distance JK will be greater tli.in the distance HI at 11 . The difference between 
the true and apparent level may be found by the follow'ing formula (Euclid 111, 
36):—(f.M -I- HI) X fH=h-l“. But tlu; diameter of the earth LH issogreat 
with respect to the quantity H I, ;it all dist.ances to which a levelling operkion 
usually extends, that LH may be taken for I^H-j-Hl without sensible error; llu' 
equation will then become - 

LH X HI = EH; .-.HI 

that is, the differt.nce between the true and apparent level is equal to the square 
of the distance divided by the earth’s diameter. The 7 }iea 7 i diameter ol the earth 
is 7,916 miles (the polar diameter beini^^ 7,908, and the equatorial 7,924 miles), 
then for a distance 1^1 of i mile, the excess of the apparent above the true level, 

or HI, will = ^ ^ 8*004 inches; at 2 miles it is 4 times that 

quantity, or 32*016 inches ; at three miles 9 times or 72*036 inches; and so on, 
increasing in proportion to the square of the distance. Rejecting the decimal 
004, and assuming the curvature in i mile to be 8 inches or two-thirds of a foot, 
the following simple rule is obtaintd for computing the correction due to th(j cur¬ 
vature of the earth, namely, the correction for curvature, infect, is two-thirds of 
the square of the distance, miles. 

Examples.—’{i) What is the difference, in feet, between true and apparent 
level, at the distance of 3.^- miles? .... Ans. : 8^^ feet (short rule'. 

121 Required the difference, in inches, between true and apparent 
level, at the distance of 3,100 feet ... ... Ans. : 2*76 inches dong rule). 

4. CURVATI RE. (Fig. 462.) The effect of the curvature of the earth is to 
dipress the apparent place of an object ; hence the correction for curvature is 
additive ; for instance, if the observer is stationed on a rising piece of ground 
on the earth’s surface at O, from wliich he observes two objects A and B on two 
other rising pieces of ground, the former above‘and the latter below his horizon 
MN ; and if he observes the apparent level, or AD, of A = -f 863 feet, and the 
apparent level, or BC, of B = —8*63 feet, and that the distance from each of the 
points from O is 1,950 feet, then to find the true level, or AG, of A, and the true 
level, or BF, of B, the curvature must be added to each of their apparent levels. 
The curvature for a distance of 1,950 feet is 0*09 feet Table XLl, “ Calculating 
Tables,” 51 h edition), AG, the true level of A — AD + AG = -f 8 63 + 0*09 = 
-f- 8'^2 feet, and BF, the true level of B,= BC + CF = — 8*63 + 0*09 = —8*54 
feet. The correction for curvature and refraction together, in feet, is approxi¬ 
mately 3rd of the square of the distance, in unties, 

5. Refraction. Besides the correction for curvature applied to the 
apparent level of an object to reduce it to its true level, another correction due to 
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terrestrial refraction is applied, and this latter has the effect of causing the posi¬ 
tion of an object to appear higher than it really is, hence the correction for it is 
suhiractive,^ 1 he coriaiction for refraction is often assumed at one-seventh of 
the correction for curvature, and is quite correct for all practical purposes. 

6. CoKRKC'nON FOR ( URVATIJRE AND RI-IFRACTION COMRINED. 
Since th(* coiit^elioii for curvature is additive and that for refraction subtractive, 
and siiu'e the latter is always less than the former, being hh of it, it is usual to 
combine both and treat them as one correction, h'or instance, from A, a place of 
observation, the apparent lev(d of a point B 2,000 feet away was found to be 5*97 
feet; its true level would be arriv(*d at as follows :— 

t'cet. 

Apparent level of D ... ... ... ... = 5*97 

Correction for curvature for 2,000 ft. (from 'bable 

XLl, ‘‘Calculating Tables,” Sth edition) =: + 0096 > = +o‘o8 
,, ,, refraction for 2,000 ft. ( ,, ) — oo!4) 

True level of B ... = 6*05 

7. CORRI'CTIONS WHEN UNNECESSARY. (Fig. 458.) The corrections due 
to curvature and refraction ar(‘ not applied in ordinary IcvtTing operations, since 
und<.ra distaiK'e of 1,000 feet tlu^y are inappreciable ; also where the spirit-level 
is set up as nearly as possible midway betiveen two stations, as at E between C 
and I, the inlluence of both curvature and refraction is counteracted by taking 
observations at equal distances from each sidi‘ of the instrument, when they are 
similarly affected, and thereby nullified. It is only when the instrument is set 
up at OIK* station and observations are taken to another, and such other be over 
1,000 feel distant, that curvature and refraction are allowed for. An example in 
simple levelling Art. 8) illustrates where the corrections should be applied. It 
will be well to rei'ullect that when the instrurmmt has been set up at a station, the 
height of the instrument has also to hr. considercal, but not so when it is placed 
betiveen them. 

8. SiMlM.i', IJ'.VI'ILLING, 'Fig. 438.) Simple levelling is applied to the 
process by which the difference of level between two points is asc(*rlained at one 
operation. 

Examples : 11) It was rt'quired to drain a swamp A by making a cut to a stream 
at B, a distance of i,Soo feet. Let a l(‘vel be set up at C, and directed to a staff 
held upright at the edge of the water at B. The horizontal line CD represents 
the line ol sight which would cut the staff at D, the reading being i r94 feet ; 
the height of the instrument above the ground is 4'6 feet, and the depth of the 
swamp 5 feet ; therefore the differema* of level betwee n the bottom of the swamp 
and the surface of the stream is as lollows :— 

Reading of the staff ... ... ... = — 

Height of instruim‘nl ... ... =+ 4’6o 

Depth of swamp ... ... — + 5’oo 

Curvature and refraction for 1,800 ft. (Tabh* 

XLI, “ Calculating d\ibles, ” 5th edition- = + 0 07 + 9*67 

Difference of level = — 2*27 

^2 ) An instrument is set up midway between A and B, from which the staff 
at A reads 6*89 feet and the staff at B 10*50 feet ; how much is B higlK‘r or lower 
than A? ... ... ••• ••• ••• : ybi feet lower. 

9. Compound levelling. (Fig. 465.) By compound /eve/ting is mrant 
the process by which the difference of level between two distant points is found 
through intermediate stations, and ihcrehwe at several opc^rations. 

OBSERVATION. ^ 

♦ See also Chapter XVI, Art. 39. 
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Examples : Let it be required to find the difference of level between two 

distant points A and I. Set up a staff at A and another at C about 600 or 800 feet 
away, somewhere in the direction of I, and plant the instrument about midway 
between A and C at B. Direct the telescope to iIk* back staff at A and note its 
reading, which, say, is 3 62 feet ; then turn it round to the forward staff at C and note 
its reading, which, say, is 8 74 feet ; thus the ground at C: will have fallen 874 — 
3*62 = ^'\2 feet ; again send the staff at A on to E in the direction of I, remove 
the instrument and set it up at D about mulway between C and K, note the read¬ 
ing of the staff at C, which now becomes th(‘ back staff, and that of E, which 
bexomes the forward staff; and so procetal till 1 is arrived at, Th(^ difference of 
the readings on any two successive stavt's shows the difference in level of the 
ground on which they stand ; if the forward reading is greater, the ground has 
fallen ; if lesser, it has risen ; and the difference between the sum of the back sights 
and tlie sum of the forward sights will give the dilfereixe of level between the 
extreme points, thus:— 


Back sights. 

Instrument at 

Forward si«h 

A 362 

B 

C 874 

C 1-79 

D . 

E 1083 

K 455 

F 

G 618 

G ir24 

II 

I 207 

21*20 


00 



21*20 


Difference of level = 6 62 feet, 
showing that the point I is 6 62 feet lower than the point A. 

(2) What is the difference of level of A and K, taking the data from the last 
example? ... ... ... ... .Ins.: 1416 feel lower than A. 

10. The Dtmpv Level. (Fig. 424.) There are three descriptions of 
spirit-levels used for the purpose of levelling, namely, the Y Level, Troughton s 
Level, and GravatYs Level, of which the List is more generally used and is much 
to be preferred to the others owing to its superior compactness, increased optical 
power, and greater stability of the adjustments. 4 he (iravatt’s I.evel is fur¬ 
nished with an object-glass of large aperture and short focal length ; and sufficient 
light being thus obtained to admit of a higher magnifying power in the eye-glass, 
the advantages of a much larger instrument are secured, without the inconvcniencit 
of its length : it is henen? (‘ailed the Dumpy Level. 

11. Its use. The levelling instrument is used for m(\asuring the rise 
and fall of the surface of the ground, and for taking the section of a hill, or of a 
proposed road, canal or railway, 

12. Its description, with the various parts named. (Fig. 424.) 
The Dumpy Level is constructed much after tin.* fashion of the theodolite, and 
by possessing a knowledge of the latter instrument, the student will find no diffi¬ 
culty in mastering the former. 'Lhe instrument rests on three footscrews/^ which 
work in a tribrach. The ttdescope T, whicli shows objects inverted, is perma¬ 
nently attached to two stout horizontal bars BB, and has (?7//y a horizontal motion. 
There is a space of about half an inch left between the bar and the telescope to 
admit a prismatic compass C, over which is a small magnifying glass g on a move- 
able arm to read the graduations of its limb ; s is a screw stop which settles the 
needle in the compass-box. The diaphragm is carried by the internal tube a, which 
is nearly equal in length to the external tube. The external tube T is sprung 
at the aperture, and gives a st(\ady and even motion to the internal tube, which 
can thrust out, or draw in, to adjust the focus for objects at different distances, 
by means of a large mill-headed screw M. A very sensitive spirit-level I, 6^ 
inches in length, is placed above the telescope and attached thereto by a hinged 
joint at one end and a capstan-headed screw at the other, for the purpose of 
adjusting it; it is divided to inches and tenths. A small cross-level K, inches 
in length, is placed upon the telescope at right angles to the principal level I, by 
means of which the instrument may be set up at once with the axis nearly vertical. 
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but must only be used for levelling the instrument approximately. The mirror niy 
mounted upon a hinge joint, can be placed at the object i‘nd of th(^ level /, so 
that the obstnver, while reading the staff, can at the same time see that the 
bubble retains its proper position, a precaution by no means unnecessary in windy 
weather, or on bad springy ground. I'he cap P can b(‘ drawn out to prevent the 
sun, when just above the horizon, from striking the object-glass, whicli it would 
otherwise do, and L is its lid. Finally the instrument is placed on a stand similar 
to that of the theodolite {sco Chap. XIII, Art. 26). 

13. The aojus I MENTS. The adjustments of the Dumpy Level are of two 
kinds :—namely, temporary and permanent; the former are iu“cc‘ssary every time 
the instrument is set up for use, and the latter should be carefully examined and 
rectified before commencing a series of observations or when the surveyor has 
reason to think the instruimmt has been shaken by some means, and the adjust¬ 
ments so displaced. 

14. The temporary adjustments. The temporary adjustments arc— 

(1) Obtaining distinct vision of wires. 

(2) Eliminating parallax or “ finding focus. ” 

(3) Levelling or setting the vertical axis of motion truly vertical. 

15. dniAlNlNG i3lsriNCT \ ISION OF WIRES. Apply )OUT eye at the eye- 
end of the telescope and push in or draw out the eye-piece until the wires appear 
perfectly clear and sharp. 

16. Eliminating parallax. Direct the telescope to a staff set up on a 
station about to hit observed, and bv means of the largi.* mill-headed screw draw 
the teIesco[)e out till the divisions on the staff arc; distinctly visible. Now'intersect 
any one; division of the staff with the hoiizontal wire by raising or loweiing the 
footscrew's, and if by the obscTver shaking his hc'ad vertically the division of the 
staff and the hoiizontal w'irc* continue; identic'al, parallax is destroyed ; but if the 
division appears to move, parallax exists, and the telescope must be drawm in or out, 
as necessary, until such movemcn t ceases. 

17. Lev elling. For this adjustment, .vc’C descri[)lion in (Chap Xilf, Art. 
48). When the priru'ipal level is in adjustment, the short cross level will also be 
in adjustment, that is, its bubble wall cnmn into the cantre of the short tube. 

18. The iMsR.MANENT ADJUSTMENTS. The permanent adjustments are— 

(i) Collimating. 

(2j Setting the spirit-level parallel to the lira; of coHimation. 

(3) Setting the telescope perpendicular to the vertical axis. 

19. COLLIMAHN(L (Fig. 466.) To collimate for the “ Y ” and “ Trough- 

ton’s Level” {see Chap. Xlll, ArU 54) ; but for the Dumpy lawel, as the tele¬ 
scope is firmly fixed to its supports and cannot be removed, the following process 
must be gone through On a tolerably level piece of grouml set up two levelling 
staves at A and B about 400 feet apart. iTisect the distance bcTween them, 
and plant the instrument exactly over the middle point C ; go through the tem¬ 
porary adjustments, direct the telescope to the staff at A and note its reading 
which, say, is 4-56 feid ; do likewise w-ith s!aff B, tin; reading of wdiich, say, is 
7*28 feet; the difference of the tw'O readings being 7*28 — 4-56 = 2 72 feet. Now 
at D, 6 feet beyond B in the direction of AB produced, again plant the instru¬ 
ment, put it tlirough its temporary adjustments and observe the respective reckl¬ 
ings of the staves^at A and B, when ihi; reading of B differs from the reading 
of A (it being greater in the assumed CcTse) by 2*72 feet, the line of collimation 
will be correct, for instance, if B read 5 ^3 ^uid A read 2 41 ; otherwise, if the 
reading of B was, say, 513 and that of A, say, 3 09, it is rectified by raising or 
low'ering the diaphragm wires by the collimating screw s,* until the reading of the 
further staff A gives th(i exact difference in level of the two staves, or 5 *3 2 72 

= 2*41 feet, the reading of the first staff B remaining the same as before. 


OBSERVA'l ION. 

• The diaphragm should bo moved up if the reading on the further staft exceed that on the nearer; 
andonVe vrrsf. U is necessary that the bubble of the large Icval should be kept at the «•’"« «' 't’ tmi 
lolc process at both settings up, at (- and D, of the instrument. I is ady sable that the 


throughout the whole process- . 

bubble of the cross-level be also kept at the centre of its run, 
corrected by the footscrews. 


Any deviation in cither bubble should be 
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-0 Setting tiir spirit-level parallei totiie line oe coi.i.i- 
MATIOX. Move tlic telescope parallel to Uvo of its fo'^tscrews and by turning 
then, inwards or outwards, as necessary, brmg the a'r-bubble to he centre of ,t.s 
run ; now turn the tcles.cope a (luarter round till it is exactly over the third screw, 
by means of which bring the bubble to the centre of its tube ; again repeat the 
above operation caretalh twice, h'inally move die telescope over the first two 
footscrews and by their means bring the bubble mthe centre of its run; now turn 
the telescope a //rr// round, and should the bubble not return to the centre of the 
level, it show.s that it is not parallel to the optical axis, and therefore requires cor- 
rectini^. Tlic end lo which the bubble retires must be noticed, and the bubble 
made to return one-half the distance by the two footscrews, and the other half by 
tunun^ the capstan-iieadcd ^cvgws at one end of the level tube llie telescope 
must now again be rc\a‘rs_ d, and the operation repcat(?d, until tile bubble settles 
at the same point of the tube, in the centre of its run, in both positions of 
the instrument. The bubble* will now remain stationary in the centre of its tube 
during a whole revolution of the telescope, and the adjustment is therefore 
pcrfta:t. 


21. Srttino thk telescope perpendicular to the vertical axis. 
No such adjustment is necessary in the Dumpy leve l, as the tclesi'ope is a fixture 
so constructed bv the makers ; but in the Y and Iroughton’s Level the operation 
is performed by jirst levelling tlie instrument, and raising or lowering one end of 
the telescope bv a screw for that purpose. 

22. Levelling Staves, (lugs. 455, 459, 460.) There are various 

descriptions of levelling staves that iiavo been invented, but for simplieity and 
usefulness, the Koorkee pattern (see Fig. 455) is un(*qualletl. The levelling staff 
Roorkee (pattern) consists of a rod 22 feet in length, one broadside of which is 
graduated into feet and tenths, each tenth division being subdivided into five equal 
parts to read to -,00 of a foot and by estimation to of a foot. The feet divisions 
and the numerals denoting the sarru' are marked in red, and tenths and hun¬ 
dredths in black. I’y mt^ans of the powerful telescopes appli(.*d to spirit-levels, 
the graduations of a levelling staff can be distinctly and accurately noted at a 
distance exceeding 10 cliains, but they are never required to be read at such 
distances unless in cases of simple The upright figures on the staff, 

when viewed through the telescope of a Dumpy level, the glasses of which invert 
everything seen through it, appear in an inverted position, so that the surveyor 
must be cautious to read the divisions //w;/ thi^ lop downwards and also he care¬ 
ful in distinguishing the figures 8 and 9 from 3 and 6 ; the « yo, however, soon 
becomes accustomed to this. Two slaves are required in levelling, one to be held 
at a back station and the other at a forward station. A careful man should always 
be selected lo Iiold the staff, and he should luwcr b(,‘ allowed to raise the staff off 
the ground in turning it. A small plummet is sometimes enclosed in the staff, 
about the height of the eye, which enables the slaffinan to hold it perpendicular. 

Examples. —(i) What is the reading of the levelling staff viewed upright 
{see Fig. 459), cut by the horizontal wire a — a, b — c — cl Ans, : a = 2*73, 

^=: 3 ’ 42 , ^'~ 4 'o 7 feet. 

(2) Required the reading of the levelling staff vie.wcd inverted (see Fig. 460) 
cut by the horizontal \Nire x — A', y—r, 5 — J. Ans, : a* = 6*94, v = 7*40, 
^ 8'09 feet. 


23. Diaphragm. (Figs. 424, 468.) The diaphragm fixed towards the 
eye-end of the telescope is provided with two parallel vertical wires, aa, bby 
a little either side of the centre, and one horizontal wire, cc which passes 
through the centre ; the former enable.s the observer to judge whether the staff is 
being held perpendicularly (as in the figure), and by the latter he bisects it, and 
thus obtains the required height by reading off the figures thereon. To replace 
wires on the diaphragm in the event of their breaking from damp or other cause 
{see Chap. XIII, Art. 60). 

24. Mode OF libelling. (Fig. 467.) In running a line of levels, for 
Instance from point A to point E, direct a slaffman to hold a levelling staff per¬ 
pendicularly at the starting-point A, and send another staff to be similarly held 
up at a point B from 3 to 10 chains distant, cither in or out of the direction AE, 
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as the nature of the ground admits. Have the slaves to face i*ach other. Next 
plant the levelling instrument about midway between A and B, t ilher upon the line 
or on one side of it, whichever is most convenient, and so rliat the line of sight 
does not intersect the ground line before reacliing thii sTalf; it being borne in 
mind that the instrument need not be set up in a direc't line between any two 
staves (although it is customary to do so when possible), unh‘ss a section of the 
ground is wanted. Now put the instrunnmt through its temporary adjustments 
{see Alt. 14), taking care that the bubble of the lev^el is accurately in the centre 
of its run ; direct the telescope to the back stalf at A and observe what division 
of the staff is cut by the horizontal wire and record the reading, called the back 
reading or back-sight^ in the lield-book ; also by means of tin? moveable magni- 
fying glass read the degrees and minutes denoted bv an index pin inside the 
prismatic compass-box, on the graduated limb, which indicates the bearing of A 
at the position of the instrument, and n‘gister the same in (he field-book as the 
back bearing. Again, taking care that the level still continues in adjustment, 
turn the telescope, directing it to the forward staff at B, and obtain the reading 
thereon, and note the same in the field-book ; this reading is termed tin* forivard 
reading or foresight. Head also the bearing of B from the prismatic compass, 
as was before done of A, and enter it in the lield-book as {\\oforward bearing. 
Measure the back distance from A to the instrument (to the point on the ground 
where a pebble would fall when droppi.‘d from the bottom of the viM'tical axis of 
the instrument) and \\\o forivard distance from tint instrument to B, by means of 
a chain, and make entries of the same in the field-book. Having finished the 
requisite observations and measureiiKmts betwctai (h(‘ points A and H send the 
staff at A onward past B somewhere in th ‘ direction of \\ and srx it up between 
3 and 10 chains beyond B at the lu^xt inequality of the ground, C, where it 
becomes the forward staff, while that at B is now the back staff; the faces of 
both these staves will of course be turned so as to face each other. Remove the 
instrument to about midway between B and C, and go through precist*ly the same 
process as was gone through at its first situation, registering the observations 
and measurements in the field-book, as before, and so continue onwards till the 
final point is arrived at. Observe that if after the in'^trument has been adjusted 
at a place, and during the observations the level bubble has shifted from the centre 
of its tube, the instrument must be re-levelled and all the observations at that 
place repeated. 

25. Certain corrections omitted. As stated in (Art. 7), the 
corrections for curvature and refraction as well as the height of the instrument 
arc not considered when the instrument is placed bet^veen staff stations, hence the 
desirability of invariably setting up the in.strumcnt approximately midway between 
staff stations.* When practicable, however, the instrument should always be 
placed exactly midway between the slaves and in their direct line, as it facilitates 
the after-plotting considerably, and for other obvious reasons. In cases of simple 
levelling generally where the instrument is set up at one of two stations, and the 
distance between them is over 1,000 feet, then the correction for curvatures and 
refraction must he allowed for; and in all such cases the height of the instrument 
must be taken into reckoning as in ibe example to (Art. 8). 

26. Ch.VIN MEASURE.MENTS. 'Fhe measurements that are made with the 

chain of the distances between staves are hori:;ontal Siod not hypotenusal measure¬ 
ments, hence great care should be takt'ii that they are as nearly such as possible, 
otherwise the section will be longm' than it ought to be. For measuring over 
irregular ground such horizontal measurements may be obtained by holding one 
end of the chain close to the ground at the higher end, and holding the other end 
above the ground, stnTchmg it in a horizontal line, a stone let fall from the latter 
end marking upon thti ground the point to which the measurement reaches. For 
further particulars as to the measurement of horizontal distances {see Chap. IX, 
Art. 9). _ ___ 

OBSKRV.V'l ION. 

* By this means, loo, any discrepancies due to the line of coHimation being out of .adjustment, or to 
other instrumental errors, are eliminated; tor the error in rrading on the back .and f^rwanl staves will then 
be equal and the resulting difference of level (being the difference of the readings) will consequently b« 
correct. 
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27. ClIAINMEN AND STAi'T'-llOLDKRS. In all levolling operations two 
chaininen are required for tin* purpose of measuring distances with the chain, and 
two staff-holders to hold the staves at thi- sevtTal staff stations. They should all 
be men of some expcMcnce in fi(‘ld'Work, especially the chainmen, who otherwise 
would be apt to ineasuri' the distances as too little or too much. 

28. iNTERMKDiA'l K READINGS. Besides the back and forward readings . 
referred to in (Art. 24), intermediate readings are taken from wliero the instru¬ 
ment has already been placed to supplemental slaves set up at great inequalities 
of the ground or at the level of water in a swamp, stream, or well, or a bench¬ 
mark of the Public Works or other departn enl, or some conspicuous object the 
relative height of which is desired. Such intermediate readings may be taken 
anywhere between the staves, on or off the line; and are to be recorded together 
with their bearings and distances from the position of the instrument, in the field- 
book, precisely in the same way as for the staff stations. 

29. Field-hook. (Fig. 467.) The field-book adopted for levcdling differs 
altogether from that used in surveying. It is ruled with several columns, usually 
having printed headings, in which the observations and measurements made in the 
field are recorded and the reduced levels worked out and entered. Many forms 
of field-books are in use, of which three specimens are given below, namely, (i) 
the Canal Pattern, which has its adjoining page ruled for a chain or compass 
survey, (2) the Roork(‘e Pattern, and (3) (he Survey Pattern; but the most useful 
form will be the one which follow.s the above, and although some surveyors may 
think that there are too many columns in it, yet they can easily omit filling up any 
which they object to. 

CANAL PATTERN. 


IU(.K. 1 

No. of - .... 

iMck 

Read. LU',,r. 

I >l‘t. IKC 

fri.m 

Inst 10 
c.f h 
(it.ttion. 

• 1' 

■ 1‘OKK. 

j I)lFfFR>NCK. 


(Vir. ; itrad. 

1 

1 Ki c. 

1 

I‘all. 

RednreJ level c£ back itation. 

1 7 

3 r.'iS 7 

T 1 

1 

3'*'' 

r:? i 

,,■•7,4 

o'yi 

45>*43 R. L. u£ (f, T. S. 


Adjoining pog<' foY SuYOty. 


I Kondcrjiore 

ij ! 1?. M. on plinth of nillc-stonr. 

i ■■■■■■■-, O , 

' I • __ 

A’.R. —Slntion li is between i nrd 2, wbeie the instrument is set up. 


ROORKKK PATrERN. 


— 
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(II .tc. 
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lc\cl. 

Remarks. 





iS; 

i 1 


Sov,.o 
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... 
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! •• 1 
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1 
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i 

6-71 
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"•35 
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.Son 

; -*43 

... 

1 
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!.. 


« 3) 
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1 1 ,.! 
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^•3I 
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> 7) 
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1 
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LEVELLING FIELD-BOOK 


KrMARh®. 


*H. M. No. I, 
S'l 27 feet 
nliote me.in 
‘ca lc\cl. 


At centre of 
rnad to Court¬ 
house, 45 feet 
broad. 

Hot tom of dry 
drain, lo feet 
hro.id. 

t n. M. No. 2, 
at fo-,t of 3rd 
mi'cstonc. 


t B. M. of P. W. 
D , 1 feet high. 

Bottom of 
stream —ao 
feet broad. 

Stre.iin*lcvcl of 
water. 

Wfll-lcvcl of 
Water. 


* B, M. No. I is a circul.ir pilKir 2 feet in diameter built 
of masonry and is 3 feet al)ovc ground, at the southern 
corner of Government wharf. 


\ On lop of left wall (N. K. corner) of masonry bridge near Court-house. 

The List of the four forms of levellinij lielcl-books will be the one reftTred to 
hereafter in this work, flic entries in which are to lx? made in the following order: 
Th(' first column gives the inimbcr of the station, which refers to the position of the 
staff and not to that of the instrument ; the jnd, 3rd and 4th show the height of 
the sight, the bearing, and the distance of the back staff respectively; the 5lh, 
6tli ami yih, respectively, givt^ the height of the sight, the bt^aring, and the distance 
of the forward staff; the 8th, 9th and loth respectively give the height of the 
sight, the bearing, and the distance of any intermediate objet't; the i ilh and 12th 
give the difference (obtained by subtracting the lesser reading from the greater) 
between the back sight and the forward or intermediate sight, as the ease may be, 
the rises being placed in the nth and the falls in the I2lh column; the 13th 
gives the reduced level above or below' the first station or some other datum, 
obtained by applying tlie difference of sights appearing in columns 11 and i 2 of a 
forward or intermediate station, as the case may bi:, to its corresponding back 
sjntion ; and the last or 14th column is left for remarks respecting the situation of 
suilion, crossings of rivers, roads, etc. The iilh, 12th and 13th columns can 
be calculated and filled up after a day’s w'ork or in the office, but the other 
columns must be entered up on the ground. With respect to the entries in the 
I ith and 12th columns, when the fore-sight is /css than the back-sight, it is thereby 
shown that the forward staff must have been situated on higher ground than the 
back staff, and it hence indicates a rise ; if, on the contrary, the fore-sight is 
greater than the back-sight, it is thereby shown that the forward staff must have 
been situated on loieer ground than the back staff, and it hence indicates a fall ; 
and the differences therefore are accordingly placed under the heads of Rise 
(+) and Fall (—). This reasoning will be clearly understood by a glance at the 
Figure. Field-books should be kept with clearness and accuracy as it often 
happens that others have to plot the work, although it is advisable that each 
surveyor should plot his own field-work when possible. 

30. Proof of field-book. To prove that a field-book has been 
correctly kept, a thing which must invariably be done, work out the difference 
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between the totals of tlie back and fore sights, that between the totals of the rises 
and falls and that between the icdueed level of the first and last station, and 
alpare’tl'in. If all three agree, the field-book is fauhless The following 
field-book, containing (nily llu; necessary entries of the field-book in (Art. 29), 
will sufficiently illustrate the above ruh;; __ 


St.\TION. 

Hack- 

Ferc- 

1 

Rise. 

Fall. 

Reduced 

level. 

I 

T 

3 

4 

5 

7'o8 

4-5 / 

2'IO 

1IT>7 

’2-30 

r7- 

I r2"> 

' 0-64 

1 

472 

... 

i "‘33 i 

0-15 

9*13 

256-27 
260*99 
260*84 
25171 
i 263-04 

1 


1 

i^'95 

‘ i 9 -o 5 

f/28 

d 




9*2S 

... 

256-27 

i 

677 


677 


(>77 j 




— 




'^i. Stake Station. At each staff station an ordinary tent peg a foot 
long "should, where it is possible, be driven into the ground flush with the surface, 
upon which the staff must be held ; whereas if no peg or other similar contrivance 
for obtaining a firm basis was used, the staff, if resting on grass, clay, or gravel, 
etc., would* be liable to undergo a very sensible change in its elevation, when 
turned round from one side to the other in becoming a back staff from having been 
a forward staff; and a number of such changes in the course of a long section, 
would introduce sirious errtirs which may be altogether avoided by the contriv¬ 
ance aforesaid. On nietalh d roads or pucka masonry work, .and wherever the 
ground upon which the staff is to be placed is very firm, it wall be evidtmtthat no 
peg is necessary. I'or bench-mark purposes and where future identification of 
the stations is an object, pegs about 3 feet long should be used, and a note made 
of their distance and bearings from any easily recognized and pern anent objects, 
if such are available. 

32. Surveying ok country which is to be levelled over. 

Before engaging in levelling oper.ations, surveyors should provide themselves with 
the published maps of ih.at part of the district or town in which their work lies, if 
such .are to be had, as they will be found most useful guides in the selection of 
points and in conneeting lh(»ir lines of levids with known stations of the Survey or 
Public Works Department. If it is not practicable to get such maps, it is usual 
to make a survey, in ordinary levelling operations, of a clniin’s length on either 
side of the line of levels, showing the fe.atures of the country, drains, tanks, sand¬ 
hills, towns and villages, wa lls, buildings, roads, etc. 

33. Milan Sea LeVK.I.. (Fig. 4-90 The tides from the springs to tlie 
neaps may be said to oscill.ile above and below the mean tidal line, and it is found 
that although the rise and fall of the tides varies in amount round the coast, the 
mean tidal line, called the mean sea level, is ne.irly a constant level, and it is therer 
fore a much better line of reference for levels and contours than any other line. 

34. Datu.m Line. (Fig. 470.) The words “ Datum Line ” in connection 

with a section signify a standard, a continued reference or horizontal line 
concentric to the earth’s exterior, to which all the calculations are referred. 
All levels are referred to some fixed datum line, such as the level of the starting, 
point, an assumed datum of 100 or other number of feet below the level of the first 
station, or the mean sea level. The height or depth of the point above or below 
such datum so referred, is called the Reduced Level of that point. In the first 
instance, where all the subsequent levels are referred to the level of the starting- 
point, the inconvenience of placing the sign + ag.ainst all reduced levels ab^e 
the datum, and the sign — against all those below it is occasioned. In the second 
instance, where the first station is assumed to be 100, or any other number 
(which is chosen high enough to avoid the necessity of using negative quantities for 
the reduced heights that follow) of feel usu.ally than 30 above an imaginary 

line, which is termed the “assumed datum line,” all the reduced levels would 
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be +, or above the datum line, and therefore no need of an algebraic sign. In the 
third in^^tance, where the la'fercnce is to the mean sea lovely the advantages are 
greatest, although they are shared by the method in the second instance. The 
datum line being the m(‘aii sea level or lowest point of reference, the high num¬ 
bers of the reduced levels will show high ground, and the lower numbers the lower 
ground, and in inspecting a plan covered with a network of such numbers, the 
comparative heights of points is seen at a glance. The accompanying example, 
the drawings of which are seen in the Figure, will elucidate the three instances 
above referred to :— 


Station., Rise. 

: 

Eall. 

Reduced level. 

1 

1st instance. '2nd instance. 

1 

rd instance. 

Remarks. 

] ... ! 

... 

O'OO 1 

100*00 

378*26 

Height of starting-point. 

2 x'Tf. j 

... 

+ 1 

101*76 

38002 

1 3 1 

2-93 

-i;i7 1 

98*83 

37709 



5‘04 

— 0'2 I 1 

93*79 

372*05 


5 10-85 


+ 4-(h j 

104*64 

382*90 

i 



35. Bench-marks. The object of Bcnck-marhs or fixed stations is to 
serve the purpose of future reference, namely, to check the accuracy of the work 
by running check levels, for correcting errors by repeating the levels between the 
marks where the error is detected, without its being necessary to retrace the 
entire work a second time, to close or start new* or branch lines of It vels, and to 
run cross sections at right angles. Bench-marks should consist of permanent 
objects, and be defined by a light sketch and desciiptioii in the column for 
remarks, of the field-book, that they may be easily found again. They should 
be marked on gateposts, milestones, stumps of large trees, the floor of a bridge, 
any masonry construction, and such like. A bench-mark must be left at the close 
of a day’s w^ork for the continuation of the levels from that spot the following day. 
In levelling for a long section bench-marks ought to be chosen at a distance of 
about half a mile asunder. Bench-marks arc usually indicated by a broad arrow 
scratched on the substance. The letters B.M., wherever they occur, denote 
Bench-mark. 

36. Check Levels. In levelling there is no check on the accuracy of the 
work except it be gone over a second time; the second opiTation is termed “ check 
levelling,” and should invariably be resorted to. Check levels are run from bench¬ 
mark to bench-mark, and in them it is unnecessary to chain the distances or read 
the bearings; all that is required bidiig to ascertain the relative elevations of the 
bench-marks and sec that they corn^spond wdth the results first obtained ; if they 
differ, the error must be found and corrected. It is immaterial by what route these 
levels arc carried, the most convenient being chosen for the purpose, as along 
roads or fields, etc., but they must always commence and finish at a bench-mark. 
The field-book required for check levels is merely a simple entry of back and fore¬ 
sights, the difference of the sums of which will be the difference of level between 
the extreme points of the section line. The following is the form of a field-book 
for check levels 


i St V- 

ILick- 

Pore- 

Remarks. 

1 TION. 

siijht. 

siiiht. 

_ 

1 

1 S'37 

7-46 

B.M.on stump of tree. 


3-.5I 

0*611 


0 

4't2 

4‘59 


7 

8 6', 

6*71 


8 

4*96 

5*88 

B.M.on 16th milestone 


j 26*89 

25*24 



1 25*24 
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Cross I.evels. Cross levels arc principally taken at the crossing of a 
line of railway or canal, of roads or rivers, to show the nature of the surface of the 
ground. Cross sections arc generally obtained without removing the instrument, 
and the obsei vations extended l(^ about i chaiiVs hmgth on either side of the main 
section; when they are required at other parts, the line of cross l(‘Vels should be 
at right angles to tin* liase. a cross section the levels arc to be always taken 

from the right t(^ tin? left of the forward direction of the' main line, lest the section, 
through mistake, should he plotted in the wrong direction. The iield-book for a 
cross"^section has 5 columns, th(‘I St for the naim s of objects, the 2nd for back¬ 
sights, the 3rd for fori'-sights, the 4th for distance, and tin; 5th for remarks. The 
cross section may be plotted on the same scale as the main section, though some 
surveyors adopt a laigv r one. 

38. Limit of i<:rR()R. The limit of error allowed in any circuit of levels 
is I foot per 100 miles traversed—which in no case ought to be exceeded if the 
observations and nu^asiiremeiits have been carefully made. Minute errors arising 
from incorr(‘ct reading of the staff, it not being held vertically, high wind, and such 
like, are inseparable from all leveling operations, but th(‘se will never be found to 
accumulate, as what will be in ex('ess in one set of observations may be deficient 
in another, and so on. 

39. S( Al.r.S. Th(^ vertical scab' to which a level section is plotted is always 
than that c»f the horizontal, in order to show the slightest variaiions of the 

ground. Kngineers often take 4 inches to a mile or 5,280 feet for the horizontal 
scale, and 400 lee‘t toone inch for the venical scale. When a survey has also 
been made along llu* line of levels, tla^ scale for tin* protraction ol the plan should 
be idmitical with ihe horizontal scale of the sei'tion. 

40. Plan dr.wvincl After a survey of the trad of country through which 
the levels hav(‘ b(N;n carried has been completed, a plan of it is projectc'd on paper, 
on the S('al(‘ deti-imiiK'd upon, such as 4 inches to 1 mile ; its object belngtoshow 
the line or situation of tin* whole work, and the lands in or through which the levels 
have been carried. Siudi surveys are usually only executed in a very extensive 
series of lev(‘ls for railways and canals and such like, but for ordinary work they 
are omitted. 

41. Sl<:cTloN iM.OTTlNCr. ipig. 470). To plot a level S(Adion, first draw 
the horizontal and vertical scales on a convenient part of the paper; next rule a fine 
Straight line, hoiizontally, to jcprchent the datum line, when, if it is in a level with 
the starting-point, make a mark u[)oii it to denote the first station A. For con- 
veniemee sake and to avoid errors of plotting in a long line, mark off on the datum 
line, from A, distance's of 10 chains. With the aid of a pair of compasses take 
from the horizonta' scale, already drawn, the several horizontal distances of the 
staff stations as they appear in the field-book, and set them off on the datum line 
from A; tlir(High these points draw sufficiently long lines perpendicular to the 
datum line AH (Ui either sid(* of it, and set off on each of them, above* or bi-low as 
it is a rise or fall, the reducc*d levels of llu' several stations, and connect ihesiMast 
points, when the secT on will be made, sh.owingthe deliiu’ation ( [ the ground levelled 
over. After this write m vt rticotly -wd] above the ground line, the several remarks 
as crossing of roads, livers, t‘tc., that ajipcar in the last column of the Iield-book. 
All th(‘nuinbeis of tin* stations and tlu* figures denoting the horizontal aiul vertical 
distaneexs should be wiitteii in on the drawing a/on;i^' tluj lines they represent. 
vSketches with small descriptions of bench-marks shou’d be entered in a corner of 
the paper for easy refi.-rence, and to provide against any accidents that may happen 
to the field-book. When tin* datum line is hc/otv the level of the starting-point, 
as in lh(* Figure, the datum line is first drawn and the same procedure for plotting 
the sections adopted, only that in laying off the vertical heights they will all fall 
above the datum line. 

42. Levli. LING WITH THE THEODOLITE. Levelling with the theodolite 
is in all cases interior in point of accuracy to levelling with the spirit level, is much 
more heavy and occupies much more time, hence is very seldom resorted to for 
this purpose. It is only in extraordinary cases that it is necessary, where the 
levelling operations are required to be conducted over very high and rapidly rising 
ground, or over steep and almost perpendicular rocks, where the ordinary levelling 
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instrument cannot be fixed The theodolite is also well adapted for obtainin£j 
the diffcr('nce of level between two distant points, which are iiiiitiially visible. To 
level with th(.‘ theodolite set it uj) at the staff stations, put it carefully through its 
adjustments and observe the vertical angle of the forward staff oj the same height 
as the theodolilc (nuxisured from the gnjund to the axis of the lelescopt;); next 
measure the hypotcinisal or sloping distance 1x1 ween the theodolite and the forward 
staff. Again, remove the theodolite to the next station, and go through tin; same 
operation then^, proceeding in this manner till the final station is reached. Now 
to find the difference of lev(d between each successive pair of stations, calculate it 
by trigonometry {see Chap. Ill), when' ihr hypotenuse (the measured distance) 
and one angh* (tin* obs(‘rved vertical angle) of a right-angled triangle are given; 
which worked by logarithms (Chap. 1 \') will give tlu: following rule \ — Add together 
the logarithm 0/ the measured distance and the log.—tangent of the observed angle; 
the sum, rejecting ten from the index, zvill he the log. of the difference of level in 
feet, of 'lehich the corresponding number null be the difference infect required. 

43. The WATER-I.K\’KL. (Figs. 366, 384, 464.) Circumstances may occur 
wher(j a surveyor has no levelling instrument, and finds it necessary to take a section. 
In such a case In* might use an instrument called the Water-level, which can be 
madt' up by any village blacksmith at a trilling ('ost and in a very short tinu*. It 
consists of a hollow tube All {see Fig. 464) of brass or tin about half an inch in 
diameter and about 3 fed long; C and D are short piece's of brass or tin tube of 
larger diami'ter, into which the ('iidsof the long tube are soldered, and arc for the 
purpose of receiving the two small bottles K and F, the ends of which, after the 
bottoms have been cut olf,* are fixed in their position by putty or white*lead ; the 
centre of the tube is fixed on to a light three-legged bamboo stand. When the 
instrument is required for us(', water, slightly coloured with lake or indigo to define 
its surface more clearly, is [)ouri'd into the tube through either of the bottles, till 
it nearly reaches their necks, which an' then corked for the purpose of carriage. 
To observe with this instrument set the stand tolerably level with the eye, remove 
the corks gently, and wait till the water is in a statti of rest, when the surfaces in 
each bottle will be on the same level ; it being clear that the instrument requires 
no adjustment. Now let the surveyor ])lace his eye in the line of the two surfaces 
of the water, and the intersection ’with the back and forward staves respectively 
of this Visual line, gives tin; readings required. A staff, however, with a sliding 
vane \see Fig. 366) must be used for this operation, because the observer being 
unassisted by a telescope, would be unable to read the divisions on the staff, except 
when placed Very near to ihr instrument. (Fig. 384) shows the use of the level 
and staff in outdoor work. This level, when used in calm and clear weather, 
gives surprisingly good results. 

44. Fxample.s in plotting. (Figs. 471—473.) 

Examples', —(i) Plot the horizontal and vertical section of Icvils from the 
levelling field-book (last pattern) in (Art. 29), on a horizontal scale of 500 feet = 

I inch, and a vertical scale of 20 feet = i inch. Ans ,: See (Fig. 472). 

(2) (Fig. 473) is the sectional plot of a line of levels whi'vn the instrument 
was always planted exactly midway between the staves in their direct line, conse¬ 
quently it has been necessary to register only the fonoard bearings and the total 
distances. 

(3) l^Iot the plan and section from the accompanying Icvi lling iield-book, of 
a circuit of k vids taken from B.M. No. i as the starting-point and closing at 
the same place, on a horizontal scale of 600 fcc't to the inch, and a vertical scale 
of 80 feet to an inch. A rough sketch of the plan is given for guidance, see 

470. 


observation. 

* This may he dfteted by pouring- edd w.itcr into thehottlis to the heit^ht required to he taken on, and 
placing them cicct in hut-water fir a lew minutes, when the desired separation will (f itself take place. ' 
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CHAPTER XVI. 

. Practical Astronomy. 

1. Astronomy and i rs rsii:. Astronomy oi the motions of the 
heavenly bodies. It.s chirf use to the surveyor is lliat he is enabled to determine, 
by its means, tlie meridian, time, and latitude* of any place on the earth’s surface, 
at which observations therefor are made. 

DEFINITIONS. 

Genrral. 

2. Sphere. (101^. 483.1 A is a surface, every part of which is 

equally distant from a point within called the centre^ as C. 

3. Diameter, ihii^. 483.) diameter of a sphere, as NS, is any 

straight line passing through the centre, and limited on each side by the surface 
of the sphere. 


OBSEF<V.\TION. 

• I.on.ditude m.ny likewise be obtained, but this work requires more th.m the ordinary skill and know- 
niethods of finding ihc longitude which may be of use to the surveyor, however, are given further 
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4. Great circle. (Fii^. 485.) A j^rca/ circle, as ABCD, is that whose 
plane passes lhroue;h the centre of the sphere, and divides it into two equal parts 
or hemispheres, 

5. Small circle. (Fig. 486.) A small circle, as ABCD, is that whose 
plane does not pass through the centre of the sphere, and which divides it into 
two unequal parts, the one greater and the other less than a hemisphere. 

6. Arc and angular distance. (Fig. 484.) Since the arcs of all 
great circles arc proportional to the angles they sublend at the centre of the 
sphere, the arc, as AB, is often used to designate the angle; and the angle is 
often called the angular distance, as BAG, betwetm the extremities of the arc. 

The Earth. 

7. Axis. (Fig. 430.) The axis of the earth, also called the axis of 
rotation, as NS, is thi^ imaginary straight line about which the earth rotates. 

8. Polks. (Fig. 430.) The poles of the earth are the extremities of its 
axis ; one of them being called the north pole, as N, the other i\\^ south pole, as S. 

9. Terrestrial Equator. (Fig. 430.) The Terrestrial equator, as 
WDE, is a gr(?at circle of the earth, equidistant from the poles ; and which divides 
the spheres into the northern and southern hemispheres. 

10. Terri'.strjai. Meridians. (Fig. 430) TerrestriaTmeridians, as 
NWS, NAS, etc., are great circh.-s passing through th(i poles of the earth, at 
right angles to the equator. 

11. La'iitude. (Fig. 430.) HhQ latitude (A.) of a place on the earth’s 
surface, as AP, is its angular distance from the equator, north or south, measured 
on the meridian of the given place, and it cannot exceed 90°. If the place is north 
of the equator, it is called north latitude ; if south, south latitude. It i.s the comple¬ 
ment of the distance of the place from the pole, which is called the co-latitude, 

12. LoNGITUDIG (Fig. 430.) 'KheJongitude {^Li) ofthe place on the earth’s 
surface, as OP, is the angular distance of its meridian from some fixed meridian 
(such as that of Greenwich)* to which all longitudes are referred, east or west, 
measured on the equator; and it cannot exceed iSo^. A place to the east of 
Grt^enwieh is said to hav(‘ east longitude, and a place to the west, svest longitude. 

13. SiGNSliM.E horizon. (Fig. 487.) The. sensible tiorisou, SOU, is 
a place that is tangent to the earth at the place of the observer. 

14. Rational horizon. (Fig. 487.) rational horizon, as RCH', is 
a plane that passes through the centre of the earth, parallel to the sensible horizon. 

The Heavens. 

15. Celestial sphere. (Fig. 481.) celestial sphere, as PEP'Q, 
is the apparent concave sphere, with the earth as its centre, on the surface of 
which the heavenly bodies appear to be situated, f 

16. Axis. (Fig. 478.J ThcMr.vA of the celestial sphere, as PP' is the axis 
of the earth produced both ways to meet the celestial sphere, about which the 
heavenly bodies appear to revolve. 

17. Celes'ITAl poles. (Fig. 784.) The celestial poles, as P, P', are the 
extremities of the axis of the celestial sphere, ttTined the iwrth and south poles; 
also called the elevated and depressed poles. The north pole is near the pole 
star or Polaris. 

18. Equinoctial. (Fig. 478.) T\\q equinoctial ov celestial equator, as 
ELQ, is a great circle in the heavens formed by producing the plane of the terres¬ 
trial equator to meet the celestial sphere. It is equidistant from the celestial 
poles, and divides the celestial s phere into the northern and southern hemispheres. 

OBSERVATIONS. 

* Pronounced Grin-ij. 

t At tile terrestrial poles the zenith and pole coincide, and the diurnal paths of the stars are perpendicu¬ 
lar to the vertical line, and ilicr cfoie parallel to the celestial horizon, the horizon itself coinciding with the 
celestial equator. No star ever rises or sets here, and the visible heavens arc confined to those portions 
which are on the same side of the equator as the elevated pole. Such a sphere is what is sometimes called 
a paralhl sphere. At a place in the terrestrial equator the poles are in the horizon and the zenith is a point 
of the celestial equator. The parallels of the stars here all cut the horizon at right angles and are bisected 
by it, so that half their course is above, and hall below—every part of the heavens becoming visible in each 
revolution. Such a sphere is called a right sphere. The visible portion of the celestial sphere comprises the 
vault overhead at a point on the earth’s surface bounded by the rational horizon. The ancient, or terreslri.il, 
system of Ptolemy tabout 150 A.D.) supposed the earth at rest round which the heavenly bodies revolved; 
the modern, or solar, system of Copernicus of the earth revolving round the sun and of the earth’s rotation 
on its axis was introduced about 1500 A.D. 
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19. Celestial meridians. (Fig. 478.) Celestial mcridiavs^ as PEP', 
are great circles passing through the celestial poles at right angles to the equinoc¬ 
tial. They arc also called hour or declination circles. Such a circle passing 
through the place of obsi rvation is the meridian of that place. When the sun is 
on the meridian above the horizon it is noon^ or mid-day at that place, and below 
the horizon it is mid-nighi. ddie meridian of any place is the meridian which 
passes through the zenith of the place. 

20. Ckles i lAi. IKJRI/OX. (Fig. 478). The celestial horizon^ as 11 MO, 
is a great circle in the' heave ns formed by producing the plane of the rational 
horizon to meet the celestial sphere. It is equidistant from the zenith and nadir. 
The east point, in this circle is the point in the neighbourhood of which stars 
appear to rise above the horizon, and the west point, the point towards which 
they set. O and II are the north and south points, and c and the east and 
west points, of the celestial horizon. 

21. Eclii'TIC. (Fig. 479.) The ecliptic^ as T MB, Is that great circle of 
the celestial sphere in which the sun appears to perform his annual 1 motion round 
the earth. 

22. Equinoctial points. (Figs. 479, 516.) equinoctialpoints^iX^ 
those two diametrically opposite points in the heavens, where the ecliptic and the 
equinoctial intersect; that at which the sun appears to cross the equinoctial (about 
20th March*) towards the north is called the vernal equinox, and the; oilier 
(about 23rd September*) towards th(^ south the autumnal equinox. The vernal 
equinox is also called the First point of Aries (T), to the meridian, P T F, of 
which all heavenly bodies are referred.f 

23. Solsthtal points. (Figs. 479, 516.) The /en/z's are the 

middle points of th(‘ northern and southern halves of the ecliptic ; the northern is 
called the summer solstice, and the southern the winter solstice. | § 

24. Obliquity of iu liptic. (Fig. 479.) Thi‘ obliquity of the ecliptic 
is the angle (23"' 27' o8’03", being the mean obliquity of the ecliptic at the t poch 
1900) which the ecliptic makes with the equinoctial. || 


OBSERVATIONS. 


* On both of these days (civil) there is equal day andnii-ht nil over (lie globe ; and the sun appears to 
rise (/nr east and set west, 't he m(Te distant the sun is from tlic celestial equator, the more unequal 
will be the days and nights. ^ 

t About 4,000 years ago (ha position of the Vernal (or spring) Equinox coinrided vvilh (he coTtstellntion 
Aries, but on acroun( of the/’/r( es’.nVm e/’//(f M/n/woves (whicli is a retrograde motion of the equinox from 
cast to west along the celiptic—produccd by the attraction of the sun, moon, and planets upon the spheroidal 
figure of the earth—at the present rate of about 50" annually, a complet(_* revolution occupying ^>5,868 
years), this point is now in the amstdlatioyi Pieces. It is still cubiomar\ to call ilu* point of the spring equinox 
the “ first point of Aries,” and no confusion arises from the term. 1 he ‘‘ fii st point of Libra ” is the autumnal 
equinox. (.SVc Art. 4(1.) F>csidcs tlic line of (quinoxes, the line of .npsides is also in motion in the same 
plane, but in the opposite direction, namely, eastward. 'I'his progressive motion of the apse-line ameunts to 
about ii" annually, which, added to the rctrt.grade motion of about 50" annually o| liie line of equinoxes, gives 
an annual increase in (he longliiude (reckoned from the vernal equinf-x), cr a change in the position of the 
apse-line with respect to the hr^t point of Aries, of about Oi". At this rale, the line of apsidis would complete 
a sidereal revolution in 108,(100 years, ora tropical i(.-vwlution in 20,900 year.s. At present Polaris is approach¬ 
ing the pole, and in 120 years will be about half a degree (..11 it, alter which it will commence to recede 
Nearly 4,000 years before the present epoch •• Draconis was llie Pole Star, being at that time distant from 
the pole 3J'. To the Arabian astronomers, 2,000 years ago, /I Ursre Minoris was nearest to the pole After 
the lapse of 12,000 years, Vega {n Lyr;e) will be tlic Pole Star, approaching to within about s" of the pole 
These changes arise from the precessiou of the cjnino.xcs, which may also be described as the slow motion of 
the earth s axis, owing to whicli the intersection of tlio equator with the ecliptic travels along the latter and 
brings about from year to year a constant change in the right asce nsion and declination of the stars * The 
phenomena of precession was discovered by Hipparchus about 140 13 .U. 

t The average variations in a day (s,v N.A., page I) of the sun’s Apparent i:)eclination (or the angular 
distance of the sun from the equator of the date, measured on the meridian) about the periods o| the equi¬ 
noxes and sol.sticcs are as follow.s ;— ^ 


(i) At the Vernal Equinox = ± 23' 4j"(nearly). I (iii) At the Summer Solstice = ± o' 1/ (nearly) 
(11) At the Autumnal h.qumox = ± 23 24 ' (iv) At the Winter Solstice = ±014 

§ I he summer solstice occurs about the 2Jst June (when the clay is longest, the sun being at its maxiinum 
distance, or greatest declination, N. of the celcstkil equator), and the winter solstice about the 22nd 
December (when the day is shortest, the sun being at its maximum distance, or greatest declination S of 
the cek stial equator). In southern latitudes the seasons will of course be reversed. The summer solstice 
IS at the first point of Cancer, and the winter solstice at the first point of Capric«.rn. {S(e Art. 40.) 

II I he obliquity of the ecliptic (or the apparent inclination of the plane of the ecliptic to that of the 
equator) IS equal to the sun s greatest declination, and this .arc is at present diminishing at the rate of 
about 0 5 annually, or more exactly at 4()-45" per 100 years (the mean annual diminution given in LeverriePs 
Tables du 5 ‘o/r//, page 203, is 0-470') ; but this diminution will not go on beyond certain very moderate 
limits, after which It will again increase, and thus oscillate backwards and forwards through an arc of 
I 21 , the tunc occupied in one oscillation being about 10,000 years. 



XVI. PRACTICAL ASTRONOMY. 


*95 


25. Equinoctial and Solstitial colurks. (Fig. 479.) A celestial 
meridian passing through the equinoctial points (T is called the equinoctial 
cohire: and that passing tlirough the solstitial points v^), the solstitial coliire.'^ 

26. Zknith. (Figs. 191, 47S.) The acniih^ as Z {see Fig. 478), is the 
point in the heavens f directly above the head of the observer,]; 

27. Nadir. (Fig. 47(8.) The as N, is the point in the heavens 

directly below thi' feet of the observer, lienee opposite to the zenith. 

28. Vkrtical ctrcli^s. (Fig. 478.) Vertical circles of the heavens, as 
ZIIN, ZMN, etc., are great circles passing through the zenith and nadir, and cut 
the celestial horizon at right angles. 

29. PRIMK vertical. (Fig. qSo.) 'Fhc prime vertical^ as Z^/N, is a 
vertical circle of the celestial sphere perpendicular to the meridian of the place, 
and therefore passing through the east and west points of the celestial horizon. 
The meridian of the place intersects the celestial horizon in the north and south 
points. 

30. Zenith Distance. (Fig. 478.) The (u) celestial 

object, as ZS, is the arc of a vertical circle contained between it and the zenith. 
It is the complement of the altitude. 'Um: meridional zenith distance is usually 
denoted by the algebraical sign ^ according as the celestial object is of the 
z^enith. 

31. Polar distance. (Fig. 478.) The pohr distance {p) of a celestial 
object, as PS, is the arc of a celestial meridian, contained between it and the pole. 
It is the complement of the declination; and is known as the north polar distance^ 
or N.P,D., when the object is in the northern hemisphere, and as the south polar 
distance^ or S.P.D,, when in the southern hemisphere. DSB is the diurnal 
cirele the object appi^ars to describe about the pole. The N.P.I). of the sun is 
greatest in winter and least in summer. 

32. DeclinA'I ION.^ (Fig. 478.) declination (o)l| of a celestial object, 
as LS, is the arc of a celestial meridian contained between it and the equinoctial. 
It is the complement of the polar distance; and is chclination N. or wS., often 
written + or—, according as the object is in th(‘ northern or south(*rn hemisphere. 
Declination in a C(*lestial object corr(‘sponds to latitude in a terrestrial. 

33. Hour anglil (Fig. 478.) Fhe hour angle (t) of a celestial object, as 
SPZ, is the angle at the celestial pol(‘ between the hour circle passing through it 
and the observer’s celestial meritiian. In conformity with the earth’s apparent 
diurnal motion, it should be reckont'd positively from the upper culmination ivcst^ 
7 vnrds, from o'’ to 360^’. The polar distance and hour angle of a celestial object 
being known, its place with respect to the observer’s meridian is knowm. 

34. Altitude. (Fig. 478.) The altitude {h) of a celestial object, as SM, 

is the arc of a vertical circle passing through it, contained between the object and 
the celestial horizon. The altitude as seen from the surface of the earth is its 
apparent and what it would bt? if seen from the centre of the earth is its 

true altitude. The altitude of the pole (celestial), as PO, is equal to the latitude 
(terrestrial) of the place, as OP. 

35. Azimuth. (Fig. 478.) The azimuth (/I) of a celestial object, as O^M 
= ZPZS, is an arc of the celestial horizon contained between the north or south 
point and a vertical circle passing through the object. It is best to reckon it 
always from one point, as the north. 

ORSERVATIO NS. 

* The solstitial colurcis at right angles both to the ecliptic and to the celestial equator, for it cuts both 
these circle.s go" from llicii common intersection ; that is, from the C(piinociial points. 

t /.f’., celestial sphere. 

X The zenith varies with the poe,iti )n of the observer on the surface of the earth ; thus, suppose the earth 
encircled on all sides by the starry sphere A'H'C'D' {stf E'ig. igi) and A, U, C, D, the positions of four 
observers on the earth's surface, then their respective zeniths would be A', B', C', D'. Owing to the 
force of gr.'ivity, the tect of each observer are attracted towards the centre of the earth. 

§ The R.A. and c of the principal celestial objects at particular instants arc given in the A^. vl. for the 
meridian of Greenwich, referred to the centre of the earth. 

11 As tlie earth is belted by payallcU of latitude' unA meridians of Inng^itude, so are the heavens belted, so 
to speak, with paraUds of declination and meridians of right ascension. 'I'hc place of a celestial object is 
determined by Us declination and right ascension, //iff it can also be fixed by its 

latitude and longitude, referred to the ecliptic. 
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36. Amplitude. (Fig. 478.) 'J'hc amplitude of a rcle.stial object, as 
^M, is an arc of the celestial horizon contained between the east or west point 
and a vertical circle passing through the objc'ct. 

37. Right ascension.* (Fig. 478.) The right asemsion {R.A.) or 
(iR)t of a celestial object, or R.A., as T KL, is the arc of the equinoctial contained 
between the v(Tnal equinox (first point of Aries) and the celestial meridian 
passing through the object.It is reckoned eastnuird from the vernal equinox 
from o"" to 360"", that is, from oh, to 24//. in time. Right ascension in a celestial 
object corresponds to longitude in a terrestrial. 

38. Parai.lax. (Fig. 482.) parallax of a celestial object is th(‘ 
angular differi*nce of its apparent from its true altitude. Parallax is greatest when 
th(^ celestial object is in the horizon, and is nothing, or zmo, when it is in tlie zenith. 
In the I" igure, E is the centre of the earth, O the observer’s position on its surfaee ; 
HOR the sonible horizon, H'O'R' the rational horizon, S the real place of the 
object; the angle SOR thi* appartmt altitude, and SO'R' the true altitude. 'Then 
parallax^ Z SO'R'— ZSOR or tlu^ angle OSO'; hence the correction for paral¬ 
lax is always additive, and will be found in (Table XXXIX, “ Calculating Tables,’’ 
5th edition). This correction^ is only applied to the apparent altitudes of the sun, 
moon and planets, but not to those of the fixed stars, as the magnitude of the* earth 
is a mere point in reference to the immeasurable distance of tin* fixed stars from it. 

39. Rl^:FRAC'riON. (higs. 445, 446, 482.) Refraction in a celestial object 
is the angular differenc(.‘ bidween its apparent from its true place in the heavens at 
the observer’s position. Refraction is due to the following cause : a ray of light 
from any celestial object, upon eaitcring the atmospluTe of the earth, becomes 
bent or refracted^ in a downward direction. 'I'hus, if O {sec Fhg. 445) were any 
point upon the earth’s surface, H R the horizon, and S a celestial object, a ray 
passing from S would be bent downwards towards O ; and an observer at O would 
therefore look in the direction OS' to see S, which would consequently appear 
higher by the angle S'OS {see Fig. 446), than it really is. The true altitude? of S 
therefore = Z S'OR, the, observed altitude — S'OS, the ndraction ; hence the ('or- 
rection for refraction is always subtractive^ and will be found in (Tabhi XXXVIII, 
“ Calculating Tables,” 5th edition). 'Fhis correction is applied to the altitudes of 
all celestial objects. Refraction || is greatest when the celestial object is at the 
horizon, decreasing in proportion to its altitude, and is nothing, or zero, when in the 
zenith. To denude the observed altitude of the sun, moon, or planets of both 
parallax and refraction {see Fig. 482) : RES, true altitude of S = SOI I observed 
altitude + OSE parallax — S'OS refraction. 

40. Circumpolar star. (Fig. 480.) A circumpolar starh the name 
given to the star the whole of whose diurnal circle is described above the' celestial 
horizon; as S. In other words, those stars whose polar distance is equal to or 
less than the latitude of the place of observation, neviu* set ; but stars whose polar 
distance is greater than the latitude of the place of observation both rise and set. 
A star whose polar distance = 90” will be above the ceh*siial horizon the same 
time that it is below it. 

41. Maximum ELong.MTon. 1 he greatest distance attained by a circum¬ 
polar star, east and west of the north pole or the observer’s celestial meridian, in the 
course of Its diurnal revolution, is called its maximum elongation. When the star 
is at its eastern or western elongation, its motion in azimuth is almost impercep¬ 
tible, during which interval it offers the most favourable opportunity for observation. 

OB.SfcRVATIONS. 

• The R. A and r of the p. incipal celestial objct ts :it particular instants arc giv'cn in the A^.yl. for the 
meridian of Greenwich, referred to the centre of the earth. 

t Kfic footnote to Art. 32 suf'er, 

I The right ascension of a cclesli.il ohject, therefore, is determined by the sidereal time at which it comes 
to the meridian. Since, also, the sidereal time is the distance of the First Point of Aiies from the meridian 
and the R. A. of a celestial body its distance from the hirst Point of Aries, then the time which has d.apsed 
since such body passed the meridian will be the R.A. of the b )dy subtracted from the sidereal time or that 
time -h 24 hours. 

§ Called diurnal parallax, by which observations arc i cfcrrcdto the centre of the earth. The horizontal 
parallax of the sun is 8 \S" ;md of the moon from 5.V' to 61'. A few stars are also affected by srn.ill parallaxes 
known as annual parallax ; eg,y a Centauri = 0*75" and hi Cygni 0 5''. i ‘ ^ 

II Refraction is about 3.t'at the sensible horizon, and to it is due the slightlv oval shape of the sun and 
moon when seen in contact with the horizon, as also daylight and dawn ; and by its effect, too, the duration 
of daylight at sunrise and 9un.sct is each increased about 4/;/. 
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42. Culmination. When the star is on the observer’s celestial m("ridian 
it is .saiel to culminate ; and its culmination is said to be upper or lower, according 
as it is then in its highest or lowest position. 

43. Transit. The passage of a star across the observer’s ci^lestial meridian 
is called its transit] and the star is [hew saitl to transit the meridian. 

44. SiDKRKAL DAY. A sidereal day"^^ is the interval betweiai two succes¬ 
sive- transits of the same star across the observer’s celestial meridian. It is 
divided into J4sid(‘real hours, which corresponds to 23//. 56;;/. 04’09.s\ of mean time, 
and is always of the same length. Hence a sidereal day is 03/;/. 55*9^•‘^lR'>*ter 
than a mean solar day. A star therefore that passes the cekestial meridian at a 
certain hour today will tomorrow pass 03/;/. 55 9* 

succeeding day. Tlie sidereal dav bt^gins when the vernal equinox—that is, tin* 
lirst point of Arles—arrives at tlu^ celestial meridian ; a correct sidereal clock 
should then mark oh. 00m. 005., and at any other instant the sidereal tune (-S. 7 ^.) 
will be the hour angle of T reckoned westward from oh, to 24//. A star in the 
equator describes about the observer’s position angles at the rate of 360'’ in 24 
sidereal hours, or i in i sidereal hour. 

45. AppARKNT a iMlc. Apparent time (A.T.), also called solar time, is th(.‘ 
interval between two successive transits of the suns cimtia.* over the observeT’s 
meridian and is of variable length. 'I'liis is the time shown by a sundial, the days 
of which are unequal, ddie solar time at any instant is the hour angle of the sun’s 
centre reckoned westward from o//. to 24//. The instant of the sun’s passage across 
the meridian of a plact*, is ('ailed noon at that place. 

46. Mkan TIMK. Mean time (JI.'T.)f is the mean interval between every 
two suc('essive transits of the sun’s centre over the observer’s meridian for a whole 
year, and is uniform. This is the time shown by a w'ell-regnlat(‘d clock, the days 
of which are all cciiial. 'I'he mean lime at any instant is the hour angle of the 
mean sun reckoma] w'eshvard from o//. to 24//. 

47. hvOUATIoN CM^' TlMK. The equation of time (A\) j is the difference 
between mean and appaiauU time at any instant, and is gi\t‘n lor every day in the 
year, for the apparent {/l,A\) and nuian noon (/I/.yV.) respcaMively, at pages 1 and 
n of the ‘ Nautical Almanac ’ for the meridian of Greenwich. A table of this 
equation of time is given in (Table XX, “ C'alculaling d'ables,” 5th edition) and 
may be considered constant for ordinary purposes, as the variation in a year is 
very trifling. 

48. RLTARDA'riON AND ACCLLP.RATION. A meridian of the earth returns 
to the same star in a shorter interval than it does to the sun; the difference, 
expressed in mean time, is called tin* retardation of mean on sidereal time; and 
when expressed in sidereal time, it is called tin* acceleration of sidereal on mean 
time. Thus, the retardation for 24 hours of mean time is = 03;;^. 55 ’ 9 I 5 .§, or 24 

0 I 5 SKRV\T 10 NS. 

* Tlu* distances of the i^tars are so that th(? e.iiih’-j nrl)iL is hut a point .’is conij^arcd with tliem, so 

that the times of ti.'Uisit ot a slar will dcfK'nd f)nly upon the rotation of ihc earth. 

t h'or the purpose^ of everyday life the day is necess.'irily rei;ul;ilod by the snn, which niiist he on or 
near the meridian in the middle of the dav. I.hvini];^ to tin.’ iiloij^nl.'ir rate ol motion of the earth in its oruit, 
and the inclin.'ition of the earth’s axis to the plane of the urbit, the interv.d between successive passages of 
the sun over the meridian are unequal. Sul.ir days arc therefore not all of the s.inic length, and before a 
correct system of time-keci:)in.i^ can he j^i-t some unit must be fixed. 1 his unit is the mean sAar day, which 
is the mean interval between successive meridian passages ol the sun during one yi*ar. This is fuither 
di\ided into hours, minutes, and seconds, 

t It is obvious ih.at the sun will not transit at mean noon every day, but sometimes before anti sometimes 
after. The difference, which is called the of time, never .imounts to moie than i() minutes 20 

seconds. The equati on of time is usually considered .as the correi tion to be applied to the apparent time 
to obtain the mean time, and is therefore called positive when mean noon precedes true noon, and negative 
when vtccTersd. From equinox to solstice the mean sun is in adv.nicc of the true sun (when app.ircnt noon 
precedes mean noon, and the cijuation of time is therefore subtractive), and behind it from solstice to equinox 
(when apparent noon follows mo.an noon, and the equation of time is thcrefiirc additive). For the equation 
of time proper, as given in the iVaiaical Almanuc/ds two parts—the dilTerence between the position of the true 
and mean suns (in their lespcctivc paths along the ocliplit and equator'), and the ch.-mge in position of the 
apsc-linc with respect to the first point of Aries—arc combined into npc sum, aiul when this is done the 
equation of time is found to v.anish four times a year, on or about the iqih April, i4lh June, 31st August and 
24.th December, while it is at its intermediate maximums at four other times, on or about the Hth May, 26th 
July, 3rd November and lolh February 

§ In other words, by this quantity the First Point of Aries anticipates the sun in a mean diurnal revolu¬ 
tion. The eficct of the earth’s daily movement upon the sun is prcci'^cly simi'ar to its effect upon the stars; 
that is, the sun appears to rise and set every day ; but in consequence of the earth’s yearly motion round it, 
it appears to revolve round the earth more slowly than the stars ; and it is to this that is clue the difference 
between star-time and sun-time, or, in other words, between the lengths of the sidereal and solar days. 
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sidcH-al hours = 23/2. 56;;/. 04*09^'. of mean time ; and the acceleration for 24 hours 
of sidereal time — 3///. 53'56:>'., or 24 hours of mean solar time — 24//. 03;;/. 
56 S6.V. of sidereal lime. 'Fahh^s of Acceleration and Retardation are to be found 
in (Tables XXXVl (i) and XXXVII ( 7 ?) of the “ Calculatini^ Tables,” 5th edition). 

49. Signs oV the Zodiac. The ecliptic is divided into twelve equal parts 

or divisions of 30^ each, which an? called tlu; signs of the Zodiac^^ They are 
named in the order ot tlu? sun’s course; Aries I aunis, (jemini, Cancer, Leo, 

Virgo, Libra, Scorpio, Sagittarius, Capricorniis, Aquarius, and Risc(‘s.t The vernal 
equinox was once in the sign Aries, but by its n trograde motion in the ecliptic has 
moved into Lisces. It stilf, however, retains the name of the first point of Aries..]; 

50. Semi-diamktiu< oe sun and moon. The semi-dlamctcr of the sun 
or moon, is the angh? at tlu' camtre of the earth subtended by the sun’s or moon’s 
semi-diameter, as tire case may be. In oljserving the sun or moon with a theodolite 
when the elevation of only one of the limbs is read, a correction for semi-diameter 
has to be subtracted from or added to the observt'd altitude, according as the 
upper or lower limb is observed, for tin; true altitude of the centre. This correction 
is given in Tables II and III of tlu^ ‘ Nautical Almanac ’ for every day in the year. 

51. Fixed stars. The stars, though appearing to rotate in a body about 

the axis of the heavens, do not appear to move among themselves. This is true 
of the vast bulk of the heavenly bodies; so that if tlu! position of one of them be 
noted on any night with laespect to certain otlu rs, it will be found on all subsc.'quent 
nights to occupy precisely the same position among tlumi. The stars to which 
this applies are called, to distinguish them from the few (‘XC(‘ptions§ to the rule, 
fixed v9 A?/\9.|| _ 

OUSKKV VTIONS. 

*'rho is a zone* of the licnvc’ns c\ten(lini» cacli siclo ol tiic ediptir, 'the sun, the moon, and 

all the principal planets, have tlicir motions witliin tlie limits of tlie zodiac, 

t ^V(’ Art. 79 scquitcf', 

j Ser also lootnutc to .'\U. 79. 

^Variahlc stars are those that periodically chan.^e in brii^hlno-^s, tint i.s, from ( no m.Tgniiiidc t-i another. 
The stars Algol (/I Peibci) and Mira (<» Ceti) bekmg to this cl.iss. T<ni/K<niry stars is tho name that has 
been given to such stars as h.ivc /ippeared, from time to tim«.‘, shining witli great brilliancy, and then entirely 
vanished. I’empurary stars, ot ..Vtcrsc, arc believed to Iiavc been first disc*>\eicd by Tycho Uralic in 1572. 
Doubln stars are tho.se which, though appearing sin^tle to the naked eve, when vii'wed llinmgh a 
telescope are found to revolve alijul each other, or rather .about their common centre of gravity. Similarly 
there are triple, quadruph' and niidtiplc stars, according to the number comprised in the system. 'C lliTculis 
and y Virginis are doulile stars. Some double stars, sueh as a Centaiiii. revolve round their lamunon centre 
of gravity : these arc termed phvsii ally double, or /a’«a/ v stars, to distinguish them from other double stars 
in which no perinilic ch.inge of p(Jsition has been discoveied. Ue^ides the binary stars, there are some triple 
stars, as i- Cancri, which are proved to be physically connected, while there are believed al.so to be (juadruple 
and quintuple stars, Lyr.u anti d Oi ionis, simil.irly associated. So also in regard to various clusters of 
stars, such as the Pleiades, ii is supposeil that most of the components .are in motion in wh.it m.ay be reg.ardcd 
as an astral 5y.s/cv/i, consisting ol a countless number of suns, e.n-h kjvoIv iiig in ;in urbil about the common 
centre of gr.avitv. Of the binaries of the regular, sh.Tt-period varial)les, nl which lliere are about 15 known, 
thcsi.ar remains at its maximum brightness for tlie greater part of the cycle, its change of lustre usually 
occupies only a few hours anil is supposed to be due to tlie (.ompanion, a daik st.ir, inlerv’ening between the 
earth and the bright star and thus ecli[)sing a portion of the light of the latter. Algol belongs to this type; it 
generally appears as a star of the 2nd m.agnitudo, but at the exiiiration ot every 2 d.iys i.j. hours an interval 
of about 7 hours oe(.urs, (luring the first half of vviiieh it gradu.allv decieases to its minimum of tlie 4th 
magnitude, when it .again during the sctamd h.alf of the intcival gr.adu.rlly increases until it recovers its 
maximum brightness, 'i'hiis, the minima (mag .V7) ol Algol in 1 )eeemher Kjot) occurred .at 11*‘- p m on 
the 5th, at 8’'- p..m. on tlie 8th, .an i .at T‘' .S 5 '“- i ’m on the i ith, G.M. T ; the maxima (mag. 2 2) would 

thus have been reached at 9''. gi’.s'"- \.m on the 7th, and at (jl>- on the 10th ; the complete cycle 

of variability, or difference hciween suceessive minim.i or in.ixima pi^riods, is 2'1- 20''- 49'”*. Suppose the 
maximum splendour to have been alt.amei at noon o*'* oo"’* 00'’. on the ist d.ay of the month, then the changes 
would for the succeeding intervals be : to z'*- i 4 '’- oo"‘- - 2nd m.agnitude ; to 2‘k 17^- 24*5”'- — decrease to -tth 
magnitude ; to z't 20’'- 4<y”' — incrc^.ise to 2nd magnitude ; to 5‘‘- lo*’- 49'"' — 2nd magnitude ; etc. The 
periodic phenomena of Algol vv.as discovered by (Toodricke in 17S2, .and the appearances explained by the 
suppositmii that some opaque body revolved round tlic priin.iry and intercepted a large portion of its light by 
interposition between llie earth and the star. 

Recent investig.ition.s have .shown that most of the variable stars .arc uncondensed meteor-swarms 
.although the sw.u ms are not so spar.se as in nebiil.e. In the variables of regular period the variations arc due 
tocomctlc swarms of meteorites moving around a ecMitral swarm, tlic maximum occurring ;it peri.istron; that 
is, when the revolving swarm is nearest I > the centic of the uiicoiidcnsed mass. In that c.ase, the velocity is 
gre.atcr, and the collisions more violent, s j that there is more liglit given nut. Recent re-^earches, also, have 
Iciltothc .suggestion th.it stars, and all nthcr self-lumitms liudies in the universe, consist of sw.arms of 
meteorites in various stages of condensalon. The luminosity is due to the heat produced by collisions. 
Some of the mcteor-svvarins are sparse, and consequmitly tlie number of collisions is small, and very little 
light is given out. As the swarm conir.acts the number of collisions incre.i.sc, and more light is produced. 
After further contr.aclion, the tempeiaturc of the swarm is so high th.it the meteorites become a mass of 
vapour, similar to th.at composing the sun. The highest stage of tcinpor.iture is represented by such stars 
as a Lyr:fi (Vega). The colour of a celestial body demends upon the sUgc of condensation of the meteor 
swarm of which it is composed. In the sp.arse swarms tlie colour is almost entirely dependent upon radiation. 

[For footnote to parallel (|1), see page 199.J 
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52. Constellations. The most conspicuous of the fixed stars are 
divided into groups, called consiellations.'^ 

53. MagnitUOIl The stars arc classified according to their brilliancy or 
magnitude, d'lie stars visible with the naked eye are dividi^l into six classes, 
according to their magnitude, the most brilliant being those of the first magnitude.t 

54. " Direct and rktrogkadk motions. Motions of heavenly bodies 
from west to east are called direct motions^ those from east to west being called 
retrograde. Thus, the moon’s motion among the stars is dircct 4 


OBSKKV ATIONS. 

In closer swnrms, absorption .affects tlic colour ; litthl from the meteorites is absorbed by theyapours surrounding 
them 'I he sun al settintj ‘eems blond-ied, in consequence of theabsoiplion of the earth’s atmosphere ; if the 
.absorj)tion weie in his own atmosphere, he would be blo(*d-rod at neonday 1 he white ^tars are the hottest, 
the yellow ones are cooler, .and the red ones .are of the lowest ternj-er.ature. {Ltckyfr.) 'I'hc following are 
examples of colomed stars: white st.ar == n Canis majoris ; i-ed star — 'r.aiii i ; blue st.ir = a Aurigie; 
green star = n L^nc ; yellow star = « liobtis [The foregoing subject, however, belongs more properly 
to the region of Physical Astronom\, wherc.as this cliapter rebates chielly to Aslroni>my considered as a 
science of observation, that is, Pr.actical Astrononn.J 

Thechanges in the ]^osilioiis of the stars due to abcriation and notation are merely apparent movo 
incnls; and their exact amoiinls ran be readily calculated for (‘vet\ st.ar. Tlio eficcls of precession can be 
determined with ecpial f.acility. Put there are ( (m lain stars which h.avc a really independent motion in the 
heavens, and to distinguish tle.s ironi ntcrely apparent dispbiccments, it is tei med the proper motion of the 
stars, while the s(.bar system itself travels through space. 'Plu-se ch.amres are, however, slight, though in •'Ome 
the proper motion is great ; as for examf)lo, Oi Cygni, which is moving at the rate of over 5 seconds annually 
and ArgebincUr’s star (Groombridge, 1830'), whidi travels at the rate of 7 seconds in a )ear. 

II 'These arcieadilv distinguished from the Planets which .ire c onst.inlly changing in position with 
res[icct to the stars, the bailer being practically h'^cd in the s.ame rebative situation. The fixed stars, like 
the sun, shine by ihoir own light, being hot bodies ; their twinkling, or scinlilhlion, will goner.’tllv distinguish 
them from the planets, which, being cold bodies, shine with a steady light by rcllcciion from the sun. 

“ What though no rc.al voice nor sound 
Amid their radiant urhs be found ? 

In Re.'ison’s e.ar they all rejoice, 

And utter fotth a glorious voice, 
lu»r ever singing as they shine, 

'Die Hand that m.ade us is Divine.” 

*'These were at a very (arly (l;it(’given the names of be.ssls, birds, fishes, classical heroes, etc., and 
although the t oristclbiti' ns bear but a very f.iint resemblance to the ligiires they .are fancifully supposed to 
represent, the arr.angement was useful in naming the st.irs and in assisting to distinguish one star from 
another; and for this reason and to avoid confusion th.at may result in .any change from an old and well- 
known system, and also for the s.ike <>f convenience, this grouping of the stars into conslellations is still 
adhered to. Lor the names of the constellations (see Art 79 srquiiir), L. Coui>ttllutio, a group (»f stars, 
from con, together, and sttlUi, a star ; b'r. Consh llaiion. 

t .'^tars arc divided into cl.'isscs or magnitud(‘s, nccurcling to their degrees of apparent hrij^hfncsSf and 
not with reference to tlieir re.il dimensions. 'There .are about 20 which belong to the first magnitude. The 
next in c.rder of brightness .and of which there are about tic, belong to (lie '^econd magnitude. Of the third 
m.ignitudc there ate .about 200. 'Tlicii c oine the tourth, filth, .and sixth m.agnitudes, beyond which the aid 
of the telescope is necessarv to identify them. 'The system of classification extends to telescopic stars down 
to the 16th magnitude. The light raiio for stars i-> abnut --3 beiwec'u siK'cessivo magnitudes; thus, an 
average fir‘.t magnitude star is two and .1 half times as bright as a second magnitude. Intermcdi.ate stages 
of brightness are .also recognized ; thus, i’j would n-piesent an intcrniediatc inagniliulc betw'ccn the first and 
second magnitudes, but nearer to the former than to the baiter, wheie.is 2*1 would indicate the reverse of this 
state. An .aver.ige first magnitude star is about iOo limes as bright .as a sixth m.'ignitudc star. Some of the 
stars are brighter than the first m.igniiude, and, since the numbers expressing m.agnitudc increase with 
iliminishing brightness, these are usually indicated by .a mtnn<i sign ; thus, the magnitude cif a Canis ninjoris 
(Siiius), the brightest star in the luMvens,n —1-4. a Aipiibe (Aliair) may be taken as .a norm.al first m.agni- 
tude star, and « Urs.a^ majoris, y l.yiie (Vcga\ and y 1 lerciilis, respectively, .as aver.ige 2nd, 3id and .jtli 
rn.agmtude stars, I he twenty brigliiest stars, or tlu'sc of the first magnitude, arc .as follow'S, in the order of 
brightness, n.imi ly, -u Canis majoris (Sirius), a Aigus fC'.anopus), <t Centauri. a Pootis {Arclurus), /j Orionis 
(Rigcl), (( Aurigm (C^apclba), <« Lyta: (Vega), a Canis inlnoris (Prucyon), <1 Orionis (Petelguiac), u I'Tid.ani 
(Archernar), a T.auri (Aldcb.aranj,Centauri, a Cruris, a Sc rpii (Antares), n Aiiuibe (Alt.air), a Virginis 
(Spica), a Pisces AuTi'.alis (Fom.alh.aut), /-I Cruci.s,/■{ (iemmorum (Pollux), and « Lronis (Regulus). These 
stars are nearly ctiually divided between the northern .and soiitlicrn celestial hemispheres. The number of 
stars cf nil magnitudes visible to the naked eye is .about f»,uoo; so that the grc.atest number visible in the sphere 
of observation .at any one time—as we can only sec onc-h.alf of the sky al once— is 3,000. 'I'hc photometric 
magnitudes of the Sun, Moon (full) .ind X'enus .are — 2 f)' 5 » —tami—30, respectively. In st.ar charts 
the magnitudes are given according to cmivention.al shapes. 'The .actual si/c represented varies slightly, 
since the stars arc not, .as a rule, of any exa( f magnitude. In recent times, though, an elTort has been made 
to cst.ablish the magnitude o{ stars in our .Stellar Universe by their distance, i.e,, .according to stellar parallaxes 
(converted from seconds of are to ligli’.-ycars) reduced to a scale of i inch = i mile (which represents the 
distance that light travels in one year) instead of by their brightness as viewad from the c.arth ; but such a 
system is foredoomed to failure since the visible appearance will .'ilwaays appeal more strongly to the 
spectator on the terrcstri.al globe than any theoretical value, and it is not easy to overthrow' a system that has 
the sanction of ages. With the light-year .as a unit, /./.. the distance over which light will travel in one year 
and the parallactic displacements (as viewed from opposite ends of a diame ter of the earth’s orbit) of certain 
stars known, their distances from the earth in light-years is readily ascertain.able; thus, the parallaxes of 
.Sirius .and Polaris given at 0*37" .and 0*07", their respective distances in light-ye.ars, arc 8 8 and 46*5. 

I Direct .and (its opposite) retrograde motion is an (xpression which applies to the planets. In the direct 
motion, the planet, as seen from the earth, appears to move from west to east among the stars; at a stationary 
point, it appears motionless; in the retrograde motion, it scorns logo from east to west, .among the stars. 
These apparent vagaries result from the fact that we sec the planets from the earth, which, like them, moves 
around the Sun. As seen from the sun, they describe ellipses round it as a focus, and ever move in the same 
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55. Summary of Astronomical Trrms. (Figs. 478, 510— 5 * 5 ) 517— 
525.) In [he traingl(‘ PZS isre log. 478) represented the following six 
a^slronoinical magnitudes :—(i) Si(/rs: VZ = eo-latitiid(‘ of place pf observation, 
1\S = polar distaiK'e of star, ZS = zenith distance of star ; and (ii) Angles'. ZPS 
= hour angle of star, PZS = azimuth of star reckoned from the north pointy 
PSZ == parallactic angle of the star, formerly known as the '‘angle of position,” 
and is the angle formed at the star by arcs passing through the pole and the 
zenith respectively, that is, l)elween its vertical and declination circles. When 
any three of these magnitudes are given, the others may be computed. C is the 
place of tile spectator, Z his 5e/;/V//, and N his nadir. PCP' is the axis about 
which tlie diurnal motion is appanmtiy perfermed. P is the elevatcal pole, and P' 
th(' depressed pole of tlie heavens. IIMO, a great circle of the sphere whose 
poles are Z and X, is his celestial horie^on (an infinite extension of the plane of the 
sensible horizon). PO is the altitude of the pole. OPZEH is his mcridianf 
and ELQ, a great circle perpendicular toPP, is \\\o celestial equator or equinoctial 
(an infmiti^ exUmsion of the plane of the terrestrial equator). ZHN and ZMN arc 
vertical circles of the sphere, on which the altitudes of C(destial objects arc 
measured passing through Z and N and perpendicular to the horizon. Z6^N is the 
prime vertical (not drawn in the figure), which Is perpendicular to the meridian and 
passes through the* east and west points of the horizon. If S be the position of a 
star, and P.SP' be a great circle passing through it, LS will be the declination 
and PS the polar distance of the star, and USD will b(‘ the diurnal circle it will 
appear to describe about the pole. O and II are the north and south points, 
e and re th(‘ east and W(;st points (’jf the horizon. If the vertical circle ZSMN be 
drawn, OM will be the azimuth of the star, reckoned from the north pointf MS 
its altitude, and ZS its zenith distance. PSLP' is an hour circle, which is a great 
circle passing through the poles, perpi'ndicular to the equinoctial. SPZ is the 
hour angle of S, and is the angle at iho pole between tin; hour circle passing 
through Pie star and the observer’s (adestial meridian. TEL is the right ascension 
of S. and is the arc of the celestial equator, or equinoctial, intercepted between the 
first point of Aries (called also the vernal equinox, or i^quinoctial colure) and the 
point in the same circle to which it is referred by the hour circle (or circle of 
cteclination) passing through it.[ The position, S, of a star at any Instant may be 
determined by either of the three following systems of co-ordinates, namely— 
(i) SM, the altitude (or SZ, the zenith distance*), and IIM, the azimuth ; (ii) SL, 
the declinaticm (or SP, the north polar distance), and T I^L, the right ascension ; 
or (iii) SP, the north polar distance, and SPZ, the hour angle. 

§ Notk.—T he Urms explained in this and the pnau eding article's are those that occur 
ir.osl frc(]ucntlv in practical Astronomy, hut there are oilicrs whicli, tliou^h not so often 
used, are occasionally rt'fcrrcd to, and an explanr’tion of some of these therdore is here 
given. The of a c< lestial ul^jecl i.s when it.s ct litre appears in the eastern part of the 

hoiizon ; and its Setting is when its eentro <lisappears in the western portion of the horizon. 
IJinmal Arcs arc those parts nf the parallels of (Kclination which are a[)parently described 
between the times of the ri.slng ami selling ol the objeet ; Noitnrnal /Ires are the parts 
of those parallels described from (lie time of selling to tin- time of rising. Semi-diurnal and 
Srnii-noctiirnal /Ires, or tlie halves of the preceding arcs, are those parts of the parallels 
intercepted hrdween the meridian and the liorizon. The corresponding part of the Equator 
answering to the Scmi-diiirnal Are, gives the time between noon and the rising or setting; 
and the capiatorial part answering to the Semi-nocturnal Arc .sliows the lime between midnight 
and the time of setting or rising. The /iscen^ional Difference is an arc of the equinoctial 
intercepted b(‘lwecn the horizon and the hour-circle of the object at rising and setting ; with 
the sun, it is the time he rises before, or sets after six o’clock. The path described by a 

OBSKRV \T10NS. 

way round. When the R. A. of a planet Is increasing frem W. to E., i.r., from o/i. to 24/c, the motion is 
direct C)r eastward ; wlien tlie R. A. is decreasing from E. to \V, , from 24//. to o//., the motion is retrograde 
or wcstw.'ird. (.SVe lUg. 52:.) 

* rhe straii^lit line UCO, in wliich llic plane of the meridian meets the plane of the celestial horizon, is 
called the meridian line \ and the horizontal line f IF, which is ]icrpendicul.ar to the north and south line 
OH, is called ihc and ‘ires/line. The intersections of the celestial equator and the celestial horizon 
determine the ea^t and west points. 

t It is best to reckon die azimulli wcstivard'; from the point most remote frtun the elevated pole 

J If the star were on the meridian at h'., then its rij^ht ascension would be denoted by W' E. But ^ K 
represents the hour angle of the first point of Aries; and therefore the hour angle of the first point of Aries 
is equal to the right ascension of erlcstial object when on the meridian. 

§ Partly from Rosser’s Book of tlic Stars. 
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planet * (or comrt) round the sun is called the o7'hit\ and this orbit is more or less in the form 
ol an cllipS-', with the sun in one of the foci, not in the centre. I h.it point in tlu‘ planets 
orbit which is furthest from tlie sun, is the Aphelion \ the point nearest the sun is the 
Perihelion (.uv Fig. 523). With regard to the Earth, the terms Apogee and Perigee are 
used ; thus, Aj)ogee is the point in the moon’s orbit fuithest from the earth, and also the 
point in the eartli’s orbit fuitlu st from the sun ; the point in the moon s orbit nearest the 
earth, and the point in the earth’s orbit nearest the sun, is the Perigee.! f he imaginary 

f)BSEIvV \TlONS. 

* The name is flerivoil from the Grork signifying a and was applied by the ancients 

to tht^se bodies because ihcir apparent inovcMncnls were coinj lic.'itcd and irrcgiil.Hr. [(ircck: TrXavtiTtjtj 
(planetes), a warden'f, from Tr\itvtno (plan.ao), tf) wander, anti TrXni'ijr (plants), a planet; French; 
plan^le; Latin: pl.nu‘taj. The planets Venus, Mars, Jupiter, anti Saturn arc given in the Nautical 
Almanacxn coiinetlion with luivir distances for tletermining the Circenwich date and thence the terrestrial 
longitude. Tlie elements .'f nil the planets—such :is K.A., declin.ation, time of meridian pass.age, semi- 
diameier, huri/ontal paiallix, etc.—.iro aLo given in \\ui Nautical AhnanaCy :ind when an observer sees 
,'i pl.anet, in any particul.ir constellation, he c.an always determine which it is liy reft-rring to the I)eclinalion, 
R.A., and time ol meritlinn p.assagt! of the scvtTal planels. nnd comp.ii irg them wil h the similar elements 
of the tnnslell.iiions in whit'h it IS moving. All piantSs rcvtdve round tlie sun in elliptical orbits inclined 
at different .-mgles to the ecliptic and also rotate on their avis, from west to east, in the oider of the 

signs of the Zodiac. The satellites revolve about their piim iry in tlie s.iino direction, i.c., direct, cveept 
of Uranus ;ind Neptune whose motion is r< trograilc. Mt rciiry and Venus .are inferior planets; Mars, 
Jupiter, Saturn, Uranus and Neptune .arc superior planets {s< e P'lg. 519). 1 he former are in inferior 

conjunction when bitwccn the Kaith and the Sun and in su/'frior conjunction when away from the Sun 
(i.e., with the Sun between the h'.irtb :iml Planet); the latter .ire in conjiniction when the Sun is between 
tlic Karth and Planet, and lii npposUi''n whin the h'.uth is between the Sun and I'l.mct Fig. 520). 
A superior (or outer) planet is best seen and observed about the lime ot opposition; it rises and sets nearly 
at the same time as the Sun at conjunction, .and is thus invisible then.^ An inferior (or inner) planet is 
for a time iiiMsible when at inferior conjunction, owing to tlie pl.inct’s enligliicned hemisphere being 
turned away Irom the Fartli, and is for some time in\isil)le when .at superior conjunction, owing to its 
proximity to the Sun’s rays. A planet souths about no >n vvlien in conjunction and aliout midnight when in 
opposiiiiin. 'I'lie planetary system consists of 8 m.ajor plam ls; of these tli(‘ interior (or near) pl.incls, whicli 
are of moderate size, ate .\icicury, Venus, the l^.arlh and Mais, and tlic exterior (or distant) planets, which 
arc of great m.agiiitude, .arc Jupiter, Saturn, Utanus and Neptune. I he minor planets, of which about 
500 hav(‘been discovered, revolve in orbits hetwet n tho^e of xM.irs and Jupiter. I'hcre are also 22 known 
satellites of which one (the Moon) accompanie-> the Faith, while Mars Js attended by i’, Jupiter by 5 
(a 0th s.atellite has recently been discoxered at the Lii k observatory :ind there are indications of the 
existence of even a 7th memlK-r). S.itiirn by 9. Uranus by 4 and Neptune by i. Mercury when 
favourably situated shines as a brilliant st.ir, at gre.atest elongations when tlie ecliptic makes a large angle 
with the horizon; he is best seen before sunii^c at western elong.ition and after sun.sct at Crastern 
elongation. V^mus is the most brilliant of all tlie planets. Mars is red in colour and a bright planet; 
at q iiadratuie he becomes gibbous. Jupiter is tlic biggest ol all th<* pi.a nets, .and his equatorial and polar 
diameters .arc l.arge. Satiun is the second l.iigc^-t of the planet'.. Uratuis and Neptune are the most distant 
planets. 'J’hc Farlh is nearest to tlie Sun, or at perihelion, early in January, farthest frt'm the Sun, or at 
aphelion, early in July, and at its mo.m disl.mcc e.trly in April and October. I'hc inferior planets have 
gre.alesl dong',ition I*'." or W. <*f the Sun, when .il these points; i.e.y when the angul.ar distanc<‘ from the Sun 
as seen Irorn the Ixarlh is grc.itest, .ind they then .-^(‘t at the longest inferxal after or rise .at the longest 
interval before the Sun. I'he greated elongations of Jupiter vary from 16' to 2(/', ;ind of \^auls from 45" 
to 1.8’ The interior planebs Mercuty .and Venus, which rcxolvc between tlie Ixarth ard the Sun, arc seen 
only as morning or exening stars, and c.'in never l>e seen at midnight. sidereal ptriod consists of the 
revolution of a pl.arn t round the Sun, as rclcrrcd to the st.ars; a synodical period refers to tlic interval 
lictxveen txvo successive positions ot .1 plain t xx ilh respect (o the Mirth .and the Sun, such as oppositions. 
The sidereal revolutions and tlic synodical p- rioils of the greater plain ts are rc-pectixdy : Mercury, 88 and 
libdays; V'enus, 225 tlays and 1 year 218 d.ays; the Faith, ,.,65J and nil days; Mars, 1 year yj2 days and 
2 years 50 da>s ; Jupiter, 11 years 15 days and i ycai ^^4 d.a3's; Satin n, . g years 167 days and I ye.'ir 
13 days; Uranus S4 ye.irs 7 clays .and i year 5 ilays ; and NeptuiiC', 164 years 280 days and 1 ye-ar 3 days. 
The complete cycle of a planet’s pliases, or its synodical revolution, may be approximately found xvith the 
sidereal period known, by a simple forinul.a— thus, lor an iiili rior planet as Mercury, which moves laster than the 
earth, the synodical period is j 16 days (from 88 -F o h) ; and for a superior planet as Mars, xvhich moves 
.sloxxer than thocaith, it is 780 d.iys (freun 2 X 3<>-> X n — 6S7 -j- n). Inferior Planets (s't?^ Fig. 521) : 
at H the planet is for a lime invisible, owing to its enliglitened hcmispbeic being turned away from the 
Karth ; at \V' it is seen as a half-moon ; between B and W' it appears .is a cresci nt must brilliant); between 
W' and A it assumes a gibbous form ; at A (he xvhole enlightened side is turned towards the Farlh, but 
the planet is for some time invisible owing to its pio.vimity to the Sun’s rays; planets appear of largest 
diameter when crescents, just before or after inferi«.r conjunction, .and smallest when near superior 
conjunction if they arc sufficiently rcanoved to be visible ; Venus is at gre.-itcst brilliancy when about 35 
days greatest elongation \V , cr r greatest elong.ition M; .Mercurv should be looked for within 

a few d.'iys of its rno.st iavourablc positions (elongations); the motions of Mercury and Venus are direct 
at superior conjunction and retrograde at inferi-'r conjunction, they .ire stationary at the intermediate 
points—for Venus, 40 to 50 d.ays after gicalcst elongation F. and before greatest elongation W. Superior 
Plant ts (.sec big. 522): at P the planet is in opptisition with the Farth at K (most nrilli.'uit), and in 
conjunction xvhen the E.arth is at F; the motions of the planets arc retrograde xvhen in opposition and direct 
xvhen in camjunction, they .arc stationary .at dates inti rmciliale between oppositi ui and cf>nj)inction; at 
conjunction the planet xvill rise and set nearly .at thn same time as the Sun, and xvill be due S. along, with 
the Sun about noon; at opposition it xvill be due S. about midnight. Superior planets are best i.een and 
observed t ) about opp' sition, and inferior planets at elongation F. or W. Kcqiler’s 3 planetary laws (about 
1620 A. D.) consist of (i) the elliptical form of planetary orbits, (ii) the .sweep of cqu.d area, and (iii) the 
square of the period to the cubes of the distances. The law of uiu\'* rsal gravitation built up by Sir is^ac 
Newton (about 1680 A.D.; d( termines that every body in the Unixerse attracts every other body in 
proportion to its mass, and the inx'^erse ratio of the square of its distance. 

f When the sun is in perigee, its distance Irom the earth is least, and consequently its greatest diameter 
greatest; and then also it attains its greatest angular velocity. The reverse of these results is the case of 
According to the investigations of Sir W. Her.schel (about 1800 A.D.), whose conclusions xxere confirmed 
by later observers, the sun is moving towards a point in the constellation of Hercules, in the northern sky, 
which point is known as the apex ” of the sun’s way. It has been supposed that ri Tauri (Alcyone), the 
brightest star in the cluster of the Pleiades, is the central sun round which all other suns revolve, but 
Sir J. Herschel (about 1840 a. n.) affirmed that it was scarcely probable that any circulation can 

take place in this position, lying so far out of the plane of the “ Galactic Circle ” (Milky Way). 
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line joining the Aphelion and l’( riliclion points of the orbit is termed the IJiie of Apsides ; 
as is also the line joining the Apogee and Perigee. The points in the orbit ol a planet which 
intersect the ecliptic are the Sodcs. The Inchn.ilion of iJic orbit is the angU^ which the path 
of a planet makes with the plane of the Itcliptic. When two cf h'stial bodies have the same 
longitude, or right asiension, they are in Conjunction', when they have a difference of 
longitude of iSo'^, and are theicfore in diametrically opj)os‘ie [larts of die heavens, they are in 
Opposition ; when th.e differeiu'c of longitntle is (jiA, they arc in Quadnifnre, 'I'lie moon is 
in conjunction with the sun at the time new moon ; in opj)o>ili()n at the time of full moon. 
For illustiations of the Phases of the Moon and of Planets, si e h'igs. 524 and 525, respec¬ 
tively. With regard to Mercurv and Venus, they art's lid to lx; in Inferior conjunction when 
passing between the sun and the ( arlh ; and in Superior conjitncUon when on the opposite 
of the sun to the (‘arth. Occupation is the eclipsing ol om* ci'lestial body by another. The 
occultalions of the fixed stars and pianists by the moon, and the oceultations of Jupiter’s 
satellites or moons, art' rei' >rded in tlu' ‘ Nautital Almanac,’ and lh(‘ elements given for the 
computation of tcrrcstiial longitude thcrelroni In Ihi- oceultations ol ])lant Is anti stars by 
the moon, the disappearam.a s always take place at the limb of the moon w’hich is presented 
in the diret'tion of its motion, h'roin new to lull the moon movi s with its dark edge foremost, 
and from full to new with its ilhiminat«d etlge foremost. During the former interval the 
object occulted disappears at th(‘daik edge and reappx'ars al the illuminated cilge ; w hilst 
during the second pait of every lunalion the contiaiy takis ].)laLe. Ocrullations of stars by 
the moon an; made use ol lor ascv rt.lining the longitiuie of j)lac(‘s rai the earth’s surface. 
Unlike the inferior planets, Mercury and Venus, which exhibit phases (see h'ig, 5251, the supe¬ 
rior planets, Mars, Jupiter, Saturn. Uranus, Nd ptunc, etc., owing to their gieat distance have 
no sensible jihases (see Fig. 511 a). Of thi' distant planets, Mars and Jupiter appear like full 
moons al opposition and conjunetion. .as at Pand P', the same hcmisplu're being turiual to the 
earth and sun ; in all other positions they appt'ar slightly gibbous, but in a very small degric 
only (sec Fig. 513 a). S en through a tch scope, S.iturn’s rings present the appearances, at 
thedifferent positions, as rei)r('sented in big. 5.!3 a. In this planet’s mot ion in its orbit round 
the sun, the plane of the lings is carried parallel to itself, so that during a revolution it under¬ 
goes, changes of position analagous to thosi* whi(’h the earth’s equator exhibits. At intervals 
of 15 years, that is Iw'ici’ in every revolution, the plane of the rings passes through tlu‘ sun, 
and the ring then appears as a straight line; c/;., 1802 and 1877, uSqi ami 1907. 'Fhc 
aberration'^ of the fixed itars is an alteration of their mean po.^itions, caused by the earth’s 
motion in its orbit, wdiercljy each star appears to describe in the heavens a smail ellip?.c, 
having lor its cenlie the point which tlie star would occupy if the eaitli were at rest. Nuta^ 
tion is thi' oscillatory motion of the earth’s axis, due chiefly to the action of the moon upon the 
spheroidal figure of the eartli, and cveiy object in the heavens, whelhi r fixed or in motion, 
is affected by it to a certain extent. Moon Ctilniin iting Stars aie lliuse fixed stars nearly on 
the same parallel of declination with, and not diflering greatly in right asct'usion from, the 
moon and arc con.sequcntly selei ted tor comparison wdth that satellite in llie de termination of 
terrestrial longitude In order to more readily indicate the ap[Kirenl yearly motion of the sun, 
tlie celestial sphere is sometimes mapped with r«..feience‘ to tin' (^cli])tie as distingnislicd from 
the equinoctial, by measurement-^ of ( O-ordinales ol ci lestial laliludr aiul longitude in the 

OHSIRV \1 lUXS. 

course when the sun Is in apogee. The apparent dianu-tcr of tlie sun at differ(?nt times of the year varie.s 
from 31' the 1st July to 3J' S2’0" on the 31SI December, and a-s the angl('s subtended by the sun .are 

small, they arc very nc.irly inversely proportional to their distances from the eartli. The d.iily value in 
longitude of the sun’s angular motion in his orbit varies from o' 57' tt'5 to i ’ 01' g these minimum and 
maximum values occurring at the same epochs ol Ivt July and 31st December. J he moon's diameter, as 
seen from the e.arth, subtends an .angle which v.arics fr'un 2h' jS" t • 33' 3j",tlicmcan values of the sun’s and 
moon’s diameters being thus very ne.arly tlie same; so that, ;ilthougli so mucli smaller than the sun, 
the moon may, on account oi her proximity to the eaitli, somcrime’; subtend a larger angle. In 
1906, the sun was in perigee 011 tlie ^rd January .at 4*‘ (G. INI. T.) and in apogee on the 2iul July 
at igh (G. M. f.). Owing to the sun being in one of the foci of the ellipse formed liy the earth’s orbit, the 
four quartets of the year divided by the sun’s entry into t.ie signs Aries, Cancer, Libra and C.apiicornus arc 
unequal, the dilfercnl lengths, commencing with each season, being, for 1900-07, for the vernal equinox 
(spring)',= 92days 20 hours fMarch 21 days i hour—June 21 days 21 hoitis), summer solstice (summer) = 93 
days 14 hours (June 21 days 21 hours — September 23 da}s ji hours), autumnal equinox i^aulumn) =89 
days 19 hours (September 23 d.ays I j hours “December 22 d.ays 6 lioiirs), and winter solstice (winter) = 
89 d.ays I hour (Decemlier 'll days 6 hours—Maich 21 days 7 hours); the summer halt of the year was 
thus 7 days 50 hours longer than the winter half. Owing to her easterly motion amongst the stais, the moon 
rise.s later daily by an average of abi ut 5«a" though the retard;jtion may vaiy between the limits of 
about I hour to 1} hours, owing to her irregular motion in her orbit which is least when she 
is in apogee and greatest when in perigee; at abo-it full moon nearest 23rd September (knowuias the Harvest 
Mt>()n) the daily retardation is less and nearest 21st M.aich greater than at ottier periods (;1 these lunations. 
The full m Km next IdlliAving the harvest mo»>n is kiKW-n as the Hunter s mo(.11. Ihe phenomena know n 
as “the old inocin in the new moon’s .arms ” 01 curs when the moon is only a few days old and appears in the 
form of a thin cresent; this is due to that part of the nn on which is not directly lit by the sun being faintly 
seen by the reflected “earth-light.” 

* Light travels with a velocity of 186,000 miles ini'* and thus takes 8m to reach the earth from 
the sun during which interval the earth h.-js moved about 20** forward in its orbit. The effect of aberration 
is therefore to make a celestial body, as a star, to appear somewhat in advance of iis true place in the 
direction of the earth’s motion at the instant of observation. The phenomena of aberration and mutation 
were discovered by Bradley (about 1750 A.D.). 
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former case as aj^ainst co-ordinates of declination and ri^ht ascension in the Utter.* Celestial 
latitud'* is the anu^ular distance from the ecliptic to the poles of the heavens^ which 
are 90^ from it north or south; and celestial longitude is tire angular distance, reckoned 
on the plane of the* ecliptic, from the jrosition occupied by the sun at the vernal equinox, 
reckoning from hdt to right up to 360 . This latitude and longitude may be either heliocen* 
tric\ o\' geocentric^ that is, reckoned from tlu^ centre of the sun and earth respectively. To 
South signifies to cross the meridian of a place. The time of southingX is the time at 
which the heavenly bodies pass tlu; meridian, and is so called because they are then due 
south; the southing will also he the time when (hey attain their greatest altitude above the 
horizon. The expression is applied to the Sun, the Moon, the planets and the stars. 
Thus, “souths” or “southing” refers to the time of culmination. The terms morning and 
evefiing stars arc applied to planets tlint rise shortly before or set shortly after the Sun, 
respectively [see Fig. 521). Planets may risf* on the East, S. E. or N. E., and set on the West, 
S. W. or N. W. They arc suitable for observation only when there is a difference of over 
an hour betw(!en their and the Sun’s rising and setting. 1 he expn ssion magnitude of mu'- 
?)iination has reference to the illuminated portion t^f the discs of planets, and is given in the 
‘ Nautical Almanac’ ior Venus and Mars for tlu' 13th of every month, the number furnished 
being the versed sines of the illuirinated portions of tlu‘ discs, the apparent diameters of the 
planets being taktoi as unify. A planet is in the ascending or descending node according 
as it (Tossv's the (‘eli{)lic trom S. to N. or Irom N. to S. The radiant poifit is that point in 
the sky wlienct' miTeorlc' showers, or shooting stars in great number, emanate. The constel¬ 
lations in which the radiants lie, with dates and characteristics, of the more conspicu ms 
showers are Serpens (Ou.idranti<ls), 2-3 Jan., swift, long paths; Lyra (Lyrids), 20-22 Apl., 
swift; Acjuariiis (Aquarids), i-t) May, swilt, stre.dcs, -nS JiiL, slow, long; Perseus (Perseids), 
10-12 Aug., swift, streaks ; Orion ((irionids), swift, streaks; Leo (f.tonids) Nov., swift, 

streaks; Andromeda (Amlromedcs), 17*23 Non., Ncry slow, trains; Gemini (Geminids), 10-12 
Dec., swift, short. C^nii ts arc cc h stial bodies extraneous to the earth’s surtace, a discovery 
due to Tycho Brahe (about 1500 A. 1).). ddiey ar(‘ members of the solar sy.stem and have 
usually elongate (1 orbits, edther parabolic or c lliptical, approaching very near to the sun at 
perihelion and receding to a very great distanc(‘ from it at aphelion. They consi.st of a lumi¬ 
nous head with frequently, at or near its centre, a bi ight star-like point called the nucleus which 
is surrounded by the coma and which is accompanied by a long train of light known as the 
stretching into space in a direction op[)C)silo to that of the sun. One or more of these 
parts of a cornet is niteii wanting. Comets and nu'teors are intimately connected, the latter 
being classed as aerolites, tireballs, shnoiing-stars, etc. The inferior planets have their 
greatest elongation east or west of the Sun, when they are at these points, when their 
angular distance from the Sun as s, cn from the Earth is greate st, and they then set at the 
longest interval afti r the sun or lise at the loiigi st before it. Eclipses occur of the Sun [see 
Fig. 518) or Moon (.SVC Fig. 517); of the* former when the moon, being new, intervenes 
between the ( aith and sun, ami of the latti r when the earth comes bi tween the moon, at full 
and Sun, An eclipse does not take place iinh ss the moon, wdien in conjunction or opposition^ 
is also near one ol her nodes, the points at Nvhich her orbit intersc cts the ecliptic. A solar 
eclipse is total or annular, according to the K ngih of the shadow of the moon and the distance 
of the moon from her node, and partial ; a lunar eclipse is cither total or partial. The cone 
of (hep shadow cast on the earth is B-rmcd the umbra and the surrounding region of partial 
shadow the penumbra from which the Sun’s light is only partially intercf ptcd. Eclipses of 
the Sun always begin on tlu^ wv^slern side of the Sun and linish on the eastern side whereas 
lunar eclipses ahvay.s C(3mrnejice on the eastern side of the Moon and iinish on the western 
side. At least one c cli[)se of the sun must lake pl.ace at each of the moon’s nodes or 2 each 
year ; these may, however, only be partial iclipscs: there may also be a partial eclipse when 
the moon is new when just within the ec liptic limit west of the nod(.‘, and another may take 
place at next new moon; two partial cclipo-es may .similarly take place when the sun is oppo¬ 
site the other node. There can be but one liin.ar cclij)se at each node, or tw'o in the year. 
The greatest number of eclipses possible, and these* occur only at long intervals, are 5 solar 
and 2 lunar in a calendar year. Ordinarily there will lx* 2 eclipses each of the sun and the 
moon annually, the lunar eclipses being distant from the solar by half a lunation. Occasion¬ 
ally there may be eclipsi s of the sun and Jione of the moon ; or, again, there may be 3 eclip¬ 
ses of the moon within the calendar year. The distance from her node at which the moon 
must be in order that the discs of the sun and moon may just touch under average conditions 
is itS° on either side of the node, or fE in all. This is known as the solar ecliptic limit, and 
the line joining the two [joints at which the moon’s orbit intersects the ecliptic must point 
vyithin ib® of the sun in order that an ecli[)Se of the sun may take place. The lunar ecliptic 
limit, or the distance from her nodes at which the moon must be just to touch the edge of 

nBSF.RVATION.S. " 

* The longitudes of fixed stars vary by 5“'F', the amount of the precession, but the latitudes remain 
constant; the right .ascensions .and dcclin.ations .alter with the position.s of the stars in the heavens, 

t The heliocentric conception is due to Galileo (.about 1610 A.D.). 

I The times ot southing of the principal planets .arc usually given in calendars containing a.stronomicil 
occurrences to convey some idea of their places in the he.avtns on particul.ar d.atcs; and their meridian 
altitudes (r.c., at transit or upper culmination) are mca.sured from the south point of the horizon. ^ 
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the carth^s true shadow, is about on each ^^idc of the node, under average circumstances of 
the relative distances of the earth, moon or sun: or 1:5-' along the ecliptic. From the rela¬ 
tive lengths ol the solar and lunar i'cli|)tic limits, 36^ and 25'^ resjiectively, it will be sei n that 
the chance of occurrence of a solar eclipse is gri ater than that of a lunar eclipse. In fact, 
they occur in the proportion of nearly four solar to three lunar. This refers to all types of 
eclipses as seen from anv point {)f the earth’s surface. Lunar eclipse s arc, however, seen 
from any point of a hemisjihcre of the tarth’s suiface, or rather more owing to the earth's 
rotation during the progress of the eclipse, which i.s at the time turned away from the sun 
and towards the moon. Solar eclipse*^, on the other hand, arc visible only from a compara- 
tivelv narrow band traced out by the motion of the shadow in tlie lime of eclipse, which falls 
within the boundary of the hemi.siibere of the earth wliicli is turned towar^ls the sun ; when 
annular, they an^ seen as such from a similar band of the earth’s surface ; as partial eclipses 
they are seen from a more extended area, Init not from a complete hemisphere. It results 
that lunar eclip-es are more frequently seen from any particular locality than solar eclipsi s 
are. In a lunar eclipse the radius of tlu* shadow at tlu* point whrr«‘ the moon is situated may be 
ascertained by subtracting the Sun’s radius from tlu‘ siim*f>f tin: equatorial horizontal parallaxes 
of the moon and sun as given in the ‘ Nautical Almanac.’ As the earth’s atmosplure, however, 
tends to increase the size of the shadow', it is usual on this account to increase the above 
radius by about .I'ntb. With this radius known and also the direction and the rate of move¬ 
ment of tin* moon througli the shadow, the mat(‘rial is furnished for predating any particular 
phase of the eclipse. The magnitude of the (‘clipse is measured by the ratio of the amount 
the innermost limb (^f the moon is obscured to the moon’s diameter. The times of the 
several contacts for anv meridian are obtained from tin* times furnished in the Nautical 
Almajiac for Greenwich by adding or subtracting the or W( st longitude of that meridian. 

The projection of a lunar eclipse may be effected by the following nii thod (.Shackleton). 
Total eclipse of moon, lytli Oetober iqoa (Ci\il date). 

From the Nautical Abtianc we have give n — 


Moon’s equ.ntorlal horizontal parallax ... 

= 

39' 

*3" 

= 3,.S53' 

Sun’s „ „ „ 

= 


oy" 

= oy' 

Sun’s radius 

= 

16’ 


= 9f^.3’ 


Adding the two former, and from the sum subtracting the latter, we get 2599," which 
represents the radius of the earth’s shadow at the imint of tlie moon’s orbit.* 

The earth’s atmosphere, however, tends to increase the size of the shadow and on this 
account it is usual to Increase the above radius by alx ut -\,tli ; we wdll therefore take— 

Radius of shadow—2,630" 

Take a convenient scale of equal parts (.say -inch — 10"), and with C as centre and 
radius CW equal to 2‘()5 in., describe the circle NESW representing the earth’s shadow 
{see Fig. 510, Diagram show’lng path oi Mo( n through Earth’s sliadovv). 

The declination of the cimlre ol the shadow C will I e Iht* saini^ as that of the sun but of 
contrary sign, thus since the declination ol the sun is south, that of the 

Shadow — N. 8^ 55' 21", 
w'hilst the Moon’s declination -- N. oS' 33" 
make f “ 13^ 32"— 812", 

which is the amount the moon is north of the centre of the shadow; also make 
CD ^ 09' 11"=- (h/ o()"N. — 00' 35" S.) ^ 351", 
w^hich is the hourly motion of the mron from the shadow in declination, and since the direc¬ 
tion of this motion Is northwards, the ])oint D is taken north of the centre C ; also make CR 
equal to the hourly motion of the moon from the sun in right ascension, this is 32' 14*7'^ 
which, to be represented on the line C W must be reduced to the arc of a small circle by 
multiplying by the cosine of the declination, thus :— 

32' 14*7" ( = 34' 347" - 02' 20 0") X cos. 9"" 09' 

=-1,9347 X 0*9875 

/. C R =1,910". 


OBSRRVATIO.V. 

* Apparent semi-dlamctcr of l he earth’s shadow at the moon ; that this is the algebraic sum of the above 
quantities is shown as follows Fig. 511): — 

S represents ihe sun. 

E rcpicscnis the earth. 

represents part of the moon’s orbit. 

Scmi-diamctcr of e arth’s shadow at moon =: wiRM. 

/a EM = E;;/A — KCai, 

= E;«A — (AES —EAC). 

= EAIJ-AES. 

But EwB = Moon’s horizontal parallax. 

EAB — Sun's horizontal parallax. 

AE.S—Sun’s apparent scini'diamctcr. 

For further illustrations sec Diagrams showing path of Moon through the Earth’s shadow on the iith 
April 1903 and the igth February 190=. (bigs 51 <; and 513). For the appearances of a partial eclipse of the 
Sun at Its greatest phase (as visibb? at Greenwich) and of the Moon at middle of eclipse on the 30th and the 
15th August respectively (i7«f bigs, 514 and The elements for these arc given in the Nautical 

for the years referred to. 
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Join RD ; then by the parallelogram of velocities this represents the direction and 
hourly rate of the moon’s motion. 

Through 1 ’ draw MT parallel to RD ; it is exident then that MT represents the path of 
the moon through the shadow. P is the pc sition of (he moon’s centre at the time of opposi¬ 
tion — ()h. lom. 13 IS., and sinc<' Rl) represents the motion in one hour, a proportional part, 
PVI, can be taken e.jual to the motion in lom. 131s., then VI will be the position of the 
moon at six o’clock. Make the distance from VI to V, and from \\ to Vll, etc, equal to 
RD, and we have a time scale which may be sub-divided, and from which the time of any 
pha.se may b<* derived 

'The moon may now be drawm in at any retjuired position, such as the lirst contact at M, by 
taking the radius of the circle to be described equal to the moon’s semi-diameter. In this case, 

Moon’s semi-dianu ter —it)' oS g" 

or the pfjints of first and la^t ( ontact, M and T, may be found by making C M or C T ei:jual 
to the sum of the semi-diameters of the shadow' and moon. 


Elements. 

iwich mean time of opposition in R. A., 


H. 

M. 

s. 

t'ther lOth 


18 

10 

i 3 'i 

d ’53 Declination 


N. (/ 

08' 

52*80" 

0 ’s Declination 


S. 8 

55 

20*50 

d’s Hourly motion in R.A. 

©’s Hourly motion in R.A. 



34 

34*70 



02 

20*00 

d’s Hourly nK^ion in declination 


N. 

10 

06*40 

0 ‘s I lonrly motion in deelinatirni 


S 


55 ’^“ 

d’s Equatorial horizontal parallax 



59 

l3*2o 

0 's E(iu.’itori.il horizontal parallax ... 
d’s 'J’ruc semi-diameter 



16 

08 ’84 
() 8'37 

0 ’.s True semi-diameter 



16 

<' 3'15 

rignitiide of Eclip .e (Moon’s dianiater=:i) 1*463. 

First coniaet with tlie Penumbra ... 

Oct. 16, 

H. 

15 

M. 

17 ' 9 ' 

First contact with the ^hadow 


16, 

16 

i6'9 

Beginnini* of T(.>tal Phaser 


It), 

n 

l8*6 

Middle oi the h'clipsc ... 


Id, 

jS 

o:vv ^ 

EndofTol.al Phase ... 

ft 

16, 

18 

48*2 • 

Last contact with tlic Shadow 


16, 

19 

40’9 . 

L .ast contact with the Penumbra ... 

y > 

16. 

20 

48 ()J 


Mean Time at 
Greenwich. 


In the Naulicnl Ahna>uic an^ given the positions (latitude and longitude) of the places 
at w hich the moon is in the zenith at the times of contacts and bi gir ning, middle and end of the 
eclipse, the angles from the north point of the moon’s limb towards the east at which the 
iirst and last contacts wdth the shadow' occur, and, where required, the times at wdiich the 
moon rises or sets at Greenwich on the daU s of the eclipses. In the case of a solar eclipse, 
the path of the moon’s shadow and penumbra upon the surfat e of the earth during a total 
eclipse, and of the pt numhra during an annulir or partial e clipse, likewise the central and 
limiting lines of tlie < clipse from given calculated positions are usually laid down in a 
diagram in the ^7/ Almanac. The houisof beginning and ending of the eclipse, are 

expres.scd in (ireeiiwich Mean Time, but by means of the dotted lines in the diagram the 
appioxima'e Greenwdeh Mean Time of beginning or ending of the eclipse may be found for 
any place at which the phenomenon is visihle. The eleim nts from which the projection is 
made arc always denotea ; thus, for the total eclips^ of the sun, 30th August 1905 (Civil date). 


Grt’CMiwich mean Tiim 
August 3clh 
© and (I’s Right :iscension 
^’s Declination 
0’.s Dcclin.'iticn 

C's Hourly m* tlon in R. A. ,, 
0 ’.s Hourly iiTiion in R. A. 
d’s Hourly motion in declination 
©’s I I'lurly motion in declination 
d’s Kqiiaiorial horizontal parallax 
0’s Kiiiiatnnal In)rizont.'d parallax 
d ’.s True semi-diainetcr 
0’s True strni-diameter 


Elemknt.s. 

(if conjunction in R. A. 



11. 

M. 


0 

50 


10 

32 

N. 

9" 

44' 

N. 

9 

08 



35 



02 

S. 


10 

S. 


60 



16 



15 


s. 

i 3‘3 

5t>*52 

25-2" 

48-4 

38-4 

167 

21 -S 

536 
05‘02 
08*72 
21*25 
50*69 


Begins on the E.'irtli generally, Aug. 29th, 22^'- Time at Greenwich, in long. 76'*!8' VV. 

of Greenwich, and l.at 37^31' N. 

Central Eclipse begins generally, Aug. 29th, 23’‘- 4r4"’-, in Long. 96“ 16' W. of Greenwich, and 
Lai. 50' 16' N. 


Central Eclipse at Noon, Aug. 30th, o^- 5o*2ni.^ in Long. 12^2^ W. of Greenwich, and Lat. 45” 52' N. 
Central Eclipse ends generally, August th, 2^- 33*6»i., in Longitude 54® 52' E. of Greenwich, and 
l.aliliide 18“ 41' N, 


Ends on the liarth generally, Aug. 30, 3^- 37*3"’-, in r.ong. 36°45' R. of Greenwich, and Lat. 5^44' N. 

The particulars necessary for indicating the times, pktccs, etc., on the earth, at which 
the eclipses of the sun and moon will be visible are fully stated in the Nautical Almanac, 
The elements are given for the instant of conjunction (in cases of solar eclipses) and of 
opposition (in cases of lunar eclipses) of the sun and moon in right ascension. The subse¬ 
quent results in the 'case of solar eclipses are not, however, computed from these elements 
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unchanged, but from accurate values as inlerpolati d for the times corresponcling to each 
result. It should be noted that in reckoning the position-angles of the points of contact 
from the vertex in solar eclipses the ex|)riSsion ‘‘ to\\.ards the east^' is to be taken as indi¬ 
cating The positive dirrction of rneaMiiemcnt of position-angles, re., N.F). S.W., and does 
not iiecessarily indicate that the angles are to be measured Irom the ^ertex towards the 
cast point of the sun’s limb. 

Examples for predicting the phases, times, etc., ot solar and lunar eclipses arc furnished 
below, ill respect to a place in x. ' N. and L. 9t'‘ io' E. 

(i) Total erlipsi ol the sun on the j 4th January lyoy, visible only as a partial eclipse, at 
place, mag. (Q’s dianu ter-- 11 0-4(14. Ik'gins on the earth generally at 10-23 A.M., in L. 45^ 55' 
E. and x 27'^ 5S' N.; central eclipse begins generally at 11-43 A.M., in I^. 42° 9' E. and 
X. 50"^ 2(j' N. ; central eclipse at noon occurs at 0-42 P.M. , in L, S(/ 12' E, and x. 38" 42' N.; 
central eclipse uids generally at i-::S P.M., in L. 131'' 4' E. and x 5 ^’"' 45 ' N.; ends on the earth 
generally at 2-48 P.M., in L. 131*^30' E. and x. 35'' 12'N. d'he duration of totality on the central 
line of the eclipse, between sunrise and siin''et, in L. 42^ E. and x. 5 *^^ 12s.; L. ( 0° 

E. and X. 43^^ N. — i m. 42s.; L. 75^' E. and x 38” N. - - 2m. 12s.; E. 89^^ E. and x. 39^ N. 
— 2m. 24s.; E. (jf)*^ E and x. 40^' N. - - cm. 13s.; L. 101° E. and x. 42^ N. 2m. (-s. ; L. 117° E. 
and X. 50*^ Si. ^ mi. 368.; L. 132'^ E. and x. 35^ N. — im, us. The southern line of simple 
contact, between sunrise ?nd sunset, extmids from L. 31' E. and x. 14'^ N., by L. 89° E. and 
X. 2^ S. to L. 147^ E. and X. 21 N. d'he eclipse begins, approximate ly, at 11-45 A.M., its 
greatest phase occurs at 0-55 P.M., and it ends at 2-5 P.M. 'rwo-filths of tire sun will be 
obscured. The angles from N. point ol first and last contacts are 296'^ and 47^ towards the 
east, respectively. [The phenomenon should be viewed through the medium of a dark or 
smoked glass.] 'I hc m lijisc begins on the western side of tlu' sun and linishos on the eastern 
side. The sun rises at ( -38 A.M., and sets at 5-30 p.M, ; his meridian passage occurs at 
oh. 14m. los. P-M.; his meridian altitude (li'din S.) is 5i' 44'(/'; his apparent dianu ter is 
32^34" (in arc) ; thi- mean time of his scrni-dianictcr passing tlie meridian is im. i o‘04s; his 
place is in Sagittarius. Pictures (direct-image) ol the various phases, including intermediate 
stages, at the different altitudLS and bearings, are given hereunder:— 


Aspect of Sun — South. 


Phase. 

Time. 

Altitude (S). 

Bearing, 

(a) Beizinning (H) 

iih. 45m. \.M. 

4 ‘/ 

166 

(b) Midway (H and G) 

0 20 P.M. 

50 

178 

(r) (irratest ((0 

0 55 

50 

190 

{if) -MidsNay ((j and K) ... 

1 3 ’^ » 

47 

202 

(0 Ending (L) 

2 05 „ 

40 

218 


The angles, from Nortli point, of first and last contacts, towards tin; East, for the places 
M (x — 13" 04' 08" N., 1 . — 8(P 14' 54" E.), I\ (x — i(>‘‘' 4(>' 00" N., L. — 96^’ 10' 00" E.) and H 
(x. — 22"" 18' 13" N., E. — 114^ 10' 28" E.), respectively, are exhibitc^d in Fig. (/). Partial 
( dipses are also visible at M and II as folhnvs:—M: mag. — t begins at 9‘47 A.M., 

greate st phase at 11-2 A.M., ends at 0-23 P.M. ; II : mag. 0 407, begins at 1-29 P.M., greatest 
phase at 2-41 P.M., ends at 3-45 l\M. 
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(li) Partial cclipst* of the moon on the 2gth January 1907, visible at place. First 
contatt with the j)enuml)ra at 5-16 p.M. ; lirst cnnta< t with the shadow at P M- ; middle 
of the eeli[)s<^ at 8-8 P M. ; last contai t with the shadow at 9'4o P.M. ; last contact with the 
penumbra at i l-o p.M. ; mairnitudc' of the c elipsc (moon's di.imctcr - l) 0715 ; tln inoon is 
at the /.enitli at these times in L. 159^ \V. to 117 ’ 1 *'., and x 19'^ to N. ; tht* fust contact 
with the shadow occurs at 137 ’ from the N. point of tlie moon's limb towaids the h'., and 
the last contact at 242^towards the'K. Seven-tenth of the moon will he obscured, d in? 
eclipse beuins on the eastern side of the moon and finishes on the western side. The moon 
rises at 6-6 P.M. ; her meridian passaL!;e occurs at oh. 28111. iis. A.M. (on ^otli) ; she s> ts at 
6-50 A.M. (on 30th); h(M’ meridian aliitude (from S.) is()i”32' 13'^; ‘'^*'^d her apparent diameter 
is 30' 2" (in are); her pi.ice is in Cancer. Pictures (direct-image) of tlu* various ph;is('s, 
including intermediate .stages, at tlie diiTen nt altitudes and bearings, are given hereunder :— 


Asppct 01* Moon - - North. 


Pliase. 

{(i) I' irst rontmt (F) 

(/>) Mitlw.'iy (F and M) 
{c) ]\li(l(ilc\M) 

{fi) Midway (M and 1,) 
(0 Last contact 


Time. 

6 h ^Om. I’.M. 

7 

S 08 „ 

8 :4 „ 

9 I. 


Allitiule (N.) 

ICi’ 

JO 

31 

41 

52 


73 " 

75 

77 

79 

81 





Tlie shadow on tlie earth in a tot.il solar eclipsi- moves from west to east at an aver.age rate 
of over 1,000 miles an hour, and with an a\eragc breadth of about 90 miles, though it may 
be as inucli as 180 mih s; lienee the duration of tot.ility at any point can m ver exceed 7.^ 
minutes, and is usually much le.ss dTie {('halde.tn) is a cy(’l(.‘of 18 years 11.| d.iv.s, 

afUr which a regular reeurrcnce ol cclipse.s takes place in similar ortler, and of nearly .similar 
type, to those w hieh occurred in the preceding cy<dm Tin* term transit, as applied to a 
planet, is used with reference to the p.issage of an inferior planet across the Sun's disc. 
Transits of Mercury can happen only in May or November, because in those months the line 
drawn from the Sun’s centre to the t arth passes Ihrongli the nodes of Mercury’s orbit. They 
occur at intervals varying from 3.I to 13 years, eg., in M.iy 1878 and 1891 and in Novembi'r 
1894 and 1907. The transits of Venus can ofcur only in June and December, because the 
earth is in these muntlis in a line withoiir or other of the nodes of Venus's orbit and the Sun. 
They take place in pairs, between the ist and 2nd ol which tlnu'e is an interval of 8 years; 
the interval between i pair and the next is 1 3 i.\ yenrs and 105^ yi'ars alternately. T'he la.st 
pair of transits occurred in December of 1S74 and 1882; the next pair will take place in 
June of 2004 and 2012. As transits both of Mercury and Venus occur when these planets 
are at inferior conjunction, their apparent movements in the sky an* then retrograde, or from 
east to west, consequently transits begin on (he east side of the .Sun’s di-.c. The moment at 
which Mercury or Venus visibly enters upon the Sun's di.se is called the ingress^ and that of 
their dejiarturc off the disc the egress. When the planet first (ouches the limb of the sun on 
the outside is called the ‘external contact at ingres.s/ and when just exactly within the disc 
the ‘ internal contact at ingress'; similarly, on the planet leaving the sun, the corresponding 
moments are termed the ‘internal contact at egress' and the ‘external contact at egress.' 
When the planet arrives midway between ingress and egress the ‘ least distance of the cen(res ' 
is said to take place, because this is the moment of the nearest approach of the centres of the 
planet and sun respectively. The transits of Venus are made use of for ascertaining the 
distance of the earth from the sun. The sun rotates on its polar axis from west to east in a 
mean period of 25 days 9 hours, and the inclination of its equatorial plane to the ecliptic is 
15'. The determination of the period of rotation was first made by Galileo in 1611 A.D. 
Solar, or Sun, spots are intensely black patches of irregular form and various sizes which 
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appear an^I disnppcar from time to time on tlie suiYs surface, and appear to move from east 
to ^vest (retrograde motion) owing to the rotation of the sun in the (ontrary direction from 
we.^t to enst (direct motion) as the motion of tlu‘ planets naiiid the sun, along paths 
parallel to tlur sun's equator and usually within a zone f)t about 35^^ on citlu.r side of it A 
large regular spot consists of the central dark and the sunoiiiuling gn y 

The sun-spot period is about ii years, when the number of spots readies its maximum ; and 
displays of the Aurora Horealis have the same periodicity. The sun is sun ounded by 
luminous clouds known as the photosphere^ outside of which is a red stratum of gaseous 
matter called the chromosphere^ encircling which again is the corona (i>r halo) which is seen 
during a total solar eclipse. The im st conspicuous (jf the red promiiu nci's or protuberances 
visible above the limb of the sun when totally eclipsed are almo.st always associated with spots 
lying beneath them. The position am^lc of the sun’s axis is the angle which the axis makes 
with the meridian passing through the sun’s centre to the east (-f ) or west (—) of the 
disc; it is zero on the 5th January and ()lh July, and greatest (+ 26" 2('') on tin; loth 
October and 5th April. A solar or lunar rainbow is an optical meU.'orological plienomenon 
of frequent occurrence consisting of a coloured arch, or arches, forined ojiposite the sun or 
moon on falling rain drops, and visible whenever the nccessaiy conditions of a pas.^ing 
shower on one side and a clear and not loo high .sun or moon on the other (;ccur; it is mere ly a 
reflection of a ray of light from the .sun or moon to the rain sliuw’cr as S(‘('n by the observer; 
the bow, or bow’S, exhibit the full spectrum of colours from led to violet, airanged in a 
definite order of red, orange, yellow, green, blue, indigo and violet ; lunar rainbows are 
feebler than the solar rainbows owing to the feeblent ss of the moon’s light ow'ing to 
which there is usually an absence of col »ur in them. 

The following table giv<‘s the position-angles to the nearest degree lor the first and the 
middle of the each rnontli; for other days the value.s are readiiy estimated : - 


Date. 

Position 

angle. 

D.atc. 

Pi'sition 

angle. 

Date. 

Position 

angle. 

i.st January 

-F P 

1st May 

— > 1'’ 

1st September 

-f-'r 

16th January 

- 6 

l6ih May 

21 

i^di S(.‘piember 

n 

1st February 


1st June 

IS 

I si October 

it) 

16th February 

18 

151)1 June 

10 

I5tb OcIdIkt 

26 

isi March 

22 

ik July 

3 

ist November 

J4 

lyth Maich 

2S 

J5th July 

+ 4 

iVb November 

2J 

1st April 

2() 

j.st August 

II 

] St De( ember 

If) 

X 5 th April 

26 

it'th August 

*7 

13th December 

10 


The north and south points of the sun’s limb are respectivedy the upper and lower jioints 
of the disc cut by a meridian or great cireh' pa.ssing through the sun’s centre and the cidcs- 
tial poles; the eastern limb is turneJ towirds the east and w’estiTii limb towards the west 
for both south and north aspects, or lie on the left and right-hand sides looking south and 
on the right and left hand sides looking north n spcctivcly. Viewed with the naked eye the 
diri'Ct image (a) is pre^e^l(d ; through an inverted (astronomical) t' lesiopc the image (b) 
is invcrt(‘d, the top and bottom and the left and right ehanging pku es ; witli a reversing (‘ye- 
piece apj)lied, or as piojc'cted on a S( nn n tow'ards the eye-i ml, the image (c) appears eri'Cl 
but tin; left ami riglit eluinge places. In the illustraticns below^, AX re[)ri-sents the sun’s 
axis on the west (—). 



Drawings of the sun require “orientation,” that is the top and bottom of the sun will 
have to be n...-ked, since what may be the top at mid-day \Yill have inovrd up on the h.lt 
looking south, in the forenoon and moved forward on the light in the afternoon. To do 
this, draw a circle tlie size of the disc, about 3 inches in diameter, found to be most conve- 
nienl, on a sheet of paper on wdiich rule 2 diameters at right angles to each other. Place 
the paper on a suitably coiustructcd screen fitted on to the teh scope a short distance from 
the eye-piece, at the back, and adju.^t the eye-piece and disiance of the screen so that the 
image just fills the circle ; this adjustment wdll vary for differmit periods of the year owim^ 
to the variation in the sun’s apparent diameter. As the sun is in apparent motion relatively 
to the telescope, its image will also move across the screen whence llie east and west line 
along which it moves will be obtained and the means found for orienting the drawing. 
Next turn the screen round until the apparent movement is in the direction of one of the 
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diameters; then the advancing of the image will be the western limb, and the edge 
which comes to the centre as the telescope is slightly raised will be the 7iorther?i one. The 
same result can be secured by allixing a moveable cylindrical tube of card-board or other 
material fitted with the sheet of paper as for the screen by adjustment at the object-end of 
the telescope and made to revolve in the way described for the screen till the retjuired 
direction of the sun's movement is obtained. 

The inclination of the course of the sun with 
the horizon 90°-^meridian altitude, approxi¬ 
mately. 

The Arctic and Antartic Circles arc two 
lesser circles (of the celestial sphere, parallel to 
the equator, 23° 27' from the north and south 
poles, respective!)'. The Tropics of Cancer and 
Capricorn arc two smaller circles of the celestial 
sphere situated on each side of the equator, at a 
distance of 23° 27', and parallel to it, which the sun reaches as its greatest declination 
north or south. The corresponding regions on the earth enclosed by the Arctic and 
Antartic circles are known as the North and South Fris^id Zones^ those between the 
equator and the d'ropics of Cancer and Capricorn as the North and South Torrid 
Zones, anti those betwotui the Arctic and Antartic Circles and the Tropics of Cancer 
and Capricorn as the North and South Temperate Zones^ respectively [see I'igs, 
488—489^?). 

56. The Calendar. A calendar is an arrangement of the divisions of time, 
as days, weeks, months, etc. The Christian calendar is reckoned from the birth of 
Christ, and is now calculated according to the Gregorian or New style, the change 
from the Julian,* or Old style having occurred in the year 1582. The Julian period 
is a period of 7,980 years, the year 1 of our era corresponding to the year 4,714 of 
the period, or the year o to the year 4,713 of the period. The year 1898, there¬ 
fore, corresponds to the year 6,611 of the Julian period. As a comparison between 
the two periods is frequently required in astronomical calculations, a table for 
determining the interval in days between two epoclis is given in the ‘ Nautical 
Almanac.* The Calendar month is a period varying from 28 to 31 days, and was 
probably derived from the synodical revolution of the moon, the mean value of which 
is 29^. 1 2I1. 44?;;. 02'87^., or 29*5305888 days. A Synodical month is the period in 
which the moon goes through every variety of phase, as from one conjunction to 
another. A Synodic lunar fiionth is the interval between two consecutive full 
moons. A lunation is the interval between two successive new moons, and it is 
by this period that the successive phases of the moon arc n^gulated.f An 
Anomalistic 7 nonth is the period of the moon’s revolution round the earth with 

OB.SERVATIONS 

* The Julian style was introduced by Julius C?csar (who consulted Sosigenes, an Alexandrian astronomer, 
in the matter) in the year 44 B.C., and prevailed generally through the Christian world till the time of Pope 
Gregory XI 11 . 'Ihe calendar of Julius Crrsar was defective in this particular, that the solar years consisted 
of 3^)5 days 5 hours and 49 minutes, and not of 365 days 6 hours, as was supposed in the time of Julius Caesar. 
There was a difference between the apparent year and the real year of eleven minutes. 'Che difference at the 
lime of Gregory XIII had amounted to ten entire days, the vcrn.al equinox falling on the nth instead of the 
21st of March, at which period it fell correctly at the time of the Council of Nice in the year 32=;. To obviate 
this inconvenience, Gregory ordained, in 1382, that the 15th October should be counted instead of the 5th for the 
future, and to prevent the recurrence of this error, it was further determined that the year beginninga century 
should not be “ Bissextile,’* with the exception of that beginning each fourth century 'I'he error referred to 
is corrected by the rule of intercalation given in the text above. The adoption of this change in the calendar 
was for some time resisted by States not under the authority of the See of Rome. Russians and Greeks 
still retain the Old style. Nearly all the nations of the Christian world now commence the year on the ist 
of January, but as recently as 1752, when the correction was made by calling the day after the 3rd .September 
the 14th September, even in England, the year did not legally and generally commence till the 25th of 
March. The Old style of reckoning in England thus ended on the 2nd (Wednesday) September 1752, and 
the New style began on the 14th (Thursday) Si'ptcmbcr 1752. The computing of time by the Christian era 
was introduced by Dionysius, a monk. It is called the vulgar or common era, 516 after Christ. 'I'he Roman 
calendar, which has in great part been adopted by all nations, is stated to have been introduced by Romulus, 
the founder of the city, the era being the foundation of Rome. It was Dionysius who calculated that the 
birth of Christ took place in the >car 753 R.C., but .ns the beginning of the Roman civil year was on the 1st 
January, i.e., only seven days later, it was found more convenient to make the Chri.stian year begin on the 
same day. It was, therefore, decided that the year i of the Christian era should coincide with the year 
754 of the foundation of Rome. It may be remarked that there is no year o A.D. reckoned by chronologists— 
the year of the birth of Christ, that is, the year 753 R.C., being called by them the year i B.C.j the year 
preceding that 2 B.C., etc., so that to find the number of years between corresponding days of two years, the 
one B.C. and the other A.D., it is necc.ssary to subtract i from the sum of the two. 

t The time of new moon is the moment when the longitude of the moon’s centre is equal to that of the 
sun’s,centrc, 
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reference to the line of apsides, or from one apogee or perigee to another. A sidereal 
revolution of the moon is equal to 27-321661 days, or nearly 27?,■ days. The 
Calendar or common year contains 365 days. But the Solar year* called also a 
T’ca/Zcrt/fcer, is the period in which the sun moves from the vernal equinox to 
the vernal equinox again, i.e., it marks the interval of time between two passages 
of the sun through the tropics or equinoctial points, and its average v,alue, called 
a Mean solar year, has been found to be 365-24222 mean solar days, or 365<^. 5A. 
48;«. 47-65. The odd lime (5/1, 48/;/. 47-65.) would soon amount to a serious error, 
but being nearly a quarter of a day, it is allowed to accumulate till every fourth 
year, when it ampunts to a day (nearly) ; the yc.ir is then increased by a day, and 
is known as Ump year (or the Bissextile year), such a year consisting of 366 
days, and the adddional day being given to the month of February; that month 
has 29 days (-very fourth year. But the excess of the tropical year over 365 
days is about 11 } minutes less than a quarter of a day; hence one day every 
four years is too much to add, but this error (within a very small amount) is 
corrected by the following rule of intercalation:—For years that are not even 
centuries: if (i) the year or (ii) number of centuries is divisible by 4, it is 
bissextile (of 566 days) ; if not, it is an ordinary ye.ar consisting of 365 days. Thus, 
(i) 1S98 and 1899 arc ordinary vears, and 1904 and 1908, bissextile years ; also (ii) 
1900 and 2100 are ordinary years and 2000 and 2400 bissc-xtile years. According 
to this arrangement every period of 400 years consists of 97 bissextile years, 
or 35,502 days, and 303 ordinary years, or 110,595 clays, making a total of 146,097 
days, the 40rth part of which is 365-2425 d;iys, or only 0-00028 day in excess of 
the tropical year. The error (an excess) will therefore amount to a day in about 
3,600 years. A sidereal yearxs the time which elapses between the sun’s leaving 
a fixed star until his next return to it, and consists of 365(/. 6 h. ogm. 09-45. The 
Anomalistic year denotes the time bedween two successive passages of the earth 
through its aphelion or perihelion points, and consists of 3656/. 6/1. 13W. 45*75.!+ 


PROBLEMS. 


57. Problem I. —To convert longitude into time. 

Observation : Since in a mean solar day, or 24 mean solar hours, the earth 
performs a diurnal revolution of 360°, and since its motion is uniform, 1 hour of 
time is equal to 15° in space. 

Rule : Take out separately the cquiv.alcnts in time of the degrees, minutes, 
and seconds of the given longitude (from Table XXXIV, “ Calculating Tables,” 
5th edition) and t.ake their sum for the time sought. 

Example-. Convert 79° 15' 26" of longitude into time. 


Equivalent of 

)J >f 

)t >> 

}) fJ 



26" 


)) 

f) 

Jf 

)) 


= 4A. 40;;/. oos, 

= 36 00 

= OI 00 

= 02 


Time sought =5 02 


58. ProrLRM II .—To convert time into longitude. 

Rule : Take out separately the equivalents in longitude of the hours, minutes 


observations. 

♦ The length of the solar year is shorter than that of the sidereal one, bccaii.se, owin^f to the precession 
of the equinoxes, the vernal equinox in its recession meets the sun, which therefore passes through it sooner 
than it would otherwise do. 

t Partly from Rosser’s Book of the Stars. 

X A Luni-solar year is a period of time at the end of which, in the Julian calendar, the new and full 
moons and the eclipses of the year recur the same days of the week and month and year as in the previ- 
t'us period. It consists of 532 common years, being the lea.st common multiple of the numbers of years in 
the cycle (28 years) of the sun and the cycle (19 years) of the moon. Epact signifies the moon’'s age on the 
first day of the year or month; it is the exce.ss of the solar year or month beyond the lunar. The annual 
epact is the excess of the solar year over the lunar year; and the monthly epact, or menstrual epact% is the 
excess of a calendar over a lunar month. The lunar cycle (Metonic) is one of 19 years which is nearly identi* 
cal with 235 lunations equalling 6,939*69 days, 19 years of 365*25 days, amounting to 6,939*75 days. If the 
dates of the new and full moons arc thus known for a period of 19 years, they can be predicted indefinitely, 
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and seconds of the given time (from Table XXXV, ‘'Calculating Tables,’^ 5th 
edition), and take their sum for the longitude sought. 

Example \ Convert 3^. 2 *]m. 19.^. of time into longitude. 

Equivalent of 3//. „ „ = 45° 00' 00" 

)) ji 2 'jm* „ 6 45 

»i ips, ,, ,, 04 45 

Longitude sought =51 49 45 

59. Problem III.— To express civil time astronomically• 

Observations : The time adopted in the ‘ Nautical Almanac ' is astronomical 

tune reckoned from and to mean noon at Greenwich. The civil day begins at 
midnight and ends at the following midnight, and is divided into two periods of 
12 hours each ; the first 12 hours, from midnight to noon, being called A.M., and 
the second, from noon to midnight, being called P.M. The astronomical day is 
assumed to begin at noon of the corresponding civil day, and ends at ihe following 
noon, and consists of only one period of 24 hours. Astronomical time is therefore 
always 12 hours slower than civil time. 

Rule\ If the civil time be P.M., the astronomical time is the same; but if it 
be A.M., add 12 hours to the civil time, and deduct one day for the corresponding 
astronomical time. 

Example \ Express the following civil times astronomically:—Jan. 17, 6//. 
2 \m. 02s, P.M.; and Sept. 23, 10//. iim. igs. A.M. 

Jan. 17, 6 h. 21 02s. P.M., civil time = Jan. 17, 6/1. 21m. 02s,, astronomical time ; 

Sept. 23, lo/t. itm, 19^. A.M., „ = Sept. 22, 22//. urn. 19^., „ „ 

60. Problem IV.— To express astronomical tune in civil time, 

Rnle\ If the hour of the astronomical time be less than 12, write P.M. after 
it, and it will be the required civil lime ; but if the astronomical time be greater 
than 12 hours, add i to the day, dimini.sh the hours by 12, and write A.M. after 
it; the remainder will be the required civil time. 

Example : Express the following astronomical dates in civil time :—Aug. 20, 
7//. 09W. 11^.; and Nov. 4, 2 \h. oim, 38^. 

Aug. 20, qh, ogm, iij*. astronl. time = Aug. 20, 7//, o^m. its. P.M., civil time ; 

Nov, 4, 2 ih. 01m. 38.^, „ = Nov. 5, 9//. oim, 38^. A.M. ,, „ 

61. Problem V.— 7 b convert a given mean solar (astronomical) time on 
any given day to the corresponding sidereal time. 

Observations : Problems V and VI are of constant use wherever the periods 
of solar observations are noted by a chronometer regulated to sidereal time, or 
those of stars by a chronometer showing mean time. The mean right ascension 
of the meridian, or the sidereal time at mean noon (given in Table II of the ‘ Nauti¬ 
cal Almanac ^), is calculated for the meridian of Greenwich, and must, therefore, 
be corrected for the difference of longitudes between that place and the meridian 
of the observer; by the addition of 0*65715. for each degree of longitude, if the 
place be to the west of Greenwich, but by subtraction if to the east. Thus, in 
137'^ 31' 30" west longitude, the sidereal time at mean noon, January 2, must be 
corrected by adding oim. 30*45., thus, giving 18//. ^ 6 m, 03*15. + oim, 30*45. = 
i^h. 47/;l 33*5^. for the time to be used. Conversely, the correction to be made to 
the mean time at sidereal noon (given as the “ Transit of the first point of Aries in 
Table III of the ‘ Nautical Almanac will be by the subtraction of 0 65515. for each 
degree of longitude, if the place be to the west of Greenwich, but by addition if to 

observation. 

for in each subsequent 19 years the d.ates are reproduced in the same manner. The number which each 
year bears in the Cycle of Meton is called the Golden number. In 1900 the Golden number was i, being 
the commencement of a new Cycle, and the epact 29 o nearly); the first year of the ig-ycar cycle must 
be a year beginning at the close of a lunation, so that the age of the moon then is o. The Solar Cycle consists 
of a period of 28 years and is based upon the recurrence of the day of the week upon the same day of the 
niontn. In the year i8q 6 the Solar Cycle w.is I, i.e.^ the first year of one of these periods. 

♦ The sidereal lime at mean noon is the angular distance of the first point of Aries, or the true vernal 
equinox, from the meridian, at the instant of mean noon; it is therefore the right ascension of the mean 
sun, or the time which ought to be shown by a sidereal clock at Greenwich, when the mean-time clock 
indicates oh. oonu 00s. 
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H2 

the eas/. Thus, in 137'’ 31' 30" west longitude, the mean time at sidereal noon, 
January 2, must be corrected by subtracting 0130-15., thus, giving 5A. i3w. 
o5’5s.—oi»». 30-15.= 5/t. iu«. 35-45. for the time to be used. 

/?u/e: To the sidi;real time at the preceding mean noon (found in Table II 
of the ‘ Nautical Almanac’), add the sidereal interval corresponding to the given 
mean time (taken from Table XXXV!, “ Calculating lables,” 5th edition). 

Example -. Convert 2//. 22W. 26 05, mean (astronomical) time at Moulmcln, 
in longitude 97° 40' 23" E., on the 20th January 1880, into sidereal time. 


Sidereal time at the preceding mean noon, namely^ Jan. 
Correction for long. E. = 97’68° x 0*657u. = 6i['2s. 

20 = ig//. 57;;/. 01 * 25 . 

= — 01 04*2 

Difference 

= 19 55 

57-0 

For 2/t, 22m. iG'OS. solar time, the equivalent sidereal 
time (by Table XXXVI, Calculating Tables/* 5th 
edition)* 

=r= 2 22 

49*4 

Sidereal lime required 

= 23 18 

46-4 

(ii) Another Method, — Rtde-. Convert the interval from the mean noon 
immediately preceding, from the denomination given, to that required ; the result 
must be added to the sidereal time at the preceding mean noon for the sidereal 
time required. If the place of observation be to the ^ of Greenwich, the sidereal 
time at mean noon must be corrected by the o‘657U. for each degree 

of longitude. 

Example, 

Mean interval from mean noon, 20th 

Acceleration of sidereal on mean time for the interval 
(Table XXXVI (d), ^^Calculating Tables/* 5th 
edition) ... ... 

= 2h. 22m, 

= + 

26*05. 

23*4 

Sidereal mierya] from mean noon 

Sidereal time at mean noon, 20th, corrected for 
long, E. (”97*68® x 0*65715.) = igh. 57w. 01*25,— 
im. 04*25. ... 

= 2 22 

= 19 55 

49’4 

57 ’o 

Sidcral time required 

= 22 18 

46-4 

(iii) Another Method. — Rule-, Reduce the mean time of observation at 
the place to the corresponding sidereal time, by applying to the former, corrected 
for difference in longitude and time, the sidereal time at the preceding mean 
noon. 

Example, 



Given mean time at place, 2oth 

Dill. Long. (97° 40' 23" ) E. 

= 2/(. 22m. 
= —6 30 

2605. 

41*5 

Corresponding Greenwich mean time, 19th 

= 19 51 

44*5 

Sidereal time at Greenwich mean noon, 19th 

Mean time at place 

Acceleration (Table XXXVT (< 5 ), ** Calculating Tables,*’ 
5th edition) for 19/^. 51455. 

= 19A. 53W, 

= 2 23 

=* + 03 

04*65. 

26*0 

15*8 

/. Sidereal time at place required, 20th.., 

1 1 

CO ; 

11 

46-4 
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* McAin time. Sidereal time. 


2 h . 

00 w/. 00j. 


2/t. oo;«. 

1975. 


22 00 

=: 

22 

o 3‘6 


26 

= 


26* I 

2 

22 26 

=: 

2 22 

49*4 
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62. Problem VI.— To convert a given sidereal time on any given day to 
the corresponding mean solar (astronomical) time. 

Rule-. To the mean time at the preceding slden^al noon (l^., the transit of 
the first point of Aries, in Table III of the ‘ Nautical Almanac’), add the mean 
interval corresponding to the given sidereal time (taken from Table XXXVII, 
“ Calculating Tables/^ 5th edition). 

Example-. Convert 22//. i8;;l 46*4^. sidereal time at Moulmein, in longitude 
(yf 40' 23'' E., on the 20th January 1880, into mean solar (astronomical) time. 

Mean time at the preceding noon, namely^ Jan. 19 = 4^. 15*05*. 

Correction for long. E. = 97*68^^ x 0*05515. = 64*05. = -4 01 04*0 

Sum 

For 22//. \%m. 46*45. sidereal time, the equivalent mean 
solar time (by Table XXXVII ** Calculating Tables,** 

5th edition)* 

Mean solar time required == 2 22 26*1 

(ii) Another Method. — Rule-. Convert the interval from the mean noon 
immediately preceding, from the denomination given, to that required; the result 
will be the mean time required. If the place of observation be to the ^ of 
Greenwich, the sidereal time at mean noon must be corrected by the 
of o* 657U. for each degree of longitude. 

Example. 


Sidereal time given ... ... ... = 22//. i8w. 46*45. 

Sidereal time at mean noon, 20th, corrected for long. E. 


(= 97*68° X 0*65715.) = 

= icjh. 57 ^. 01 * 25 . — im. 04*25. 

= 19 

55 

570 

Interval in sidereal time 
Retardation of mean on 
( lable XXXVII [d), 

from mean noon, 20th ••• 

sidereal time for the interval 
** Calculating Tables,*' 5th 

= 2 

22 

49'4 

edition) 

... ••• •». 

Mean solar time required 

= 2 

22 

- 23'4 

26*0 


(iil) Another Method. — Rule: Reduce the sidereal time of observation at 
the place to the corresponding mean time, by applying to the former, corrected 
for the difference of longitude and time, the sidereal time at the preceding mean 
noon. 

Example. 

Sidereal interval for place, 20th [see below) ... = ah, 2^m. 41*85. 

Diff. long. (97° 4' 23") E. ... ... 6 30 41*5 


Corresponding sidereal interval for Greenwich, 19th ... = 19 55 00*3 


Given sidereal lime at place, 20th 

• •• • • • 

= 22A. i 8 m, 46'4.r. 

Sidereal time at Greenwich mean 

noon, 19 th 

= 19 53 046 

Sidereal interval for place, 20th 
Retardation (Table XXXVII ( 3 ), 

... • •• 

Calculating Tables,** 

= 2 25 4r8 

5th edition) for 19^, s^m, 00s. 

.*•. 

= —03 i 5'8 

.*. Mean time at place required, 20th 

= 2 22 260 


OBSERVATION. 


♦ Sidereal time. 


Mean time. 

22/t. oow. 

OOJ. 


2ih. 56m. 23-75. 

18 

00*0 

= 

>7 57*1 


46*0 

= 

45*9 


00*4 


00*4 

2a 18 

46-4 

= 

22 15 07M 


= 4 07 19*0 

= 22 15 o7'i 
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63. Problem VII.— Given the civil time at any place and the longitude of 
that placCy to find the corresponding astronomical time at that instant at Greenwich, 
Observations: In consequence of the sun’s apparent motion being from east 
to west, it will cross a meridian to the east of Greenwich before \\\^X.o{ Greenwich, 
and a meridian west of Greenwich after that of Greenwich; therefore time in east 
longitude is in advance of Greenwich time, and time in west longitude is behmd 
Greenwich time. For instance, at the instant the clocks at Greenwich are striking 
12 at noon, at a place in longitude 73® 17' 26" E., the clocks will show i 2 /l 00m. 005. 
+ 4A. 53;;/. 115. (the longitude in time) = 4A. 53;;!. 11 s, P.M. The positions of the 
heavenly bodies, as referred to the centre of the earth, are independent of meridians, 
and are the same for all classes at the same absolute instant; but the relative times 
at Greenwich and the observer’s meridian would be different. The calculations of 
those bodies, as given in the ‘ Nautical Almanac,’ are adapted to the meridian of 
Greenwich ; hence, before making use of the Ephemeris, it is necessary to ascertain 
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in every instance the distance of the sun {in time) of the observer’s place from 
the meridian of Greenwich, or what is commonly called the corresponding 
Grecinvich {astronomical) time. 

Rule'. Reduce the longitude of the place into time (by Prob, I, Art. 57); 
and if easty subtract it from the given time expressed astronomically (by Prob, 
III, Art, 59), but add it if westy and the remainder or the sum will be the required 
Greenwich astronomical time. 

Example', Find the astronomical time at Greenwich corresponding to 
November 13, 9A. o']m, 53^. A.M., at a place in longitude 48° 57' E. 

Astronomical time at place, Nov. 12 = 21/f. o*]m. 53^. 

Longitude of place, in time, E. ... == — 2 39 48 

Corresponding astronl. time at Greenwich, Nov. 12= 18 28 05 

64. Problem VIIL-— Given the astronomical time at Greenivichy and the 
longitude of any placOy to find the corresponding civil time at that instant at the 
place, 

Rule \ Reduce the longitude of the place into time (by Prob. I, Art. 57) ; 
and if easty add it to the given astronomical time, but subtract if west; the sum or 
the remainder will be the astronomical time at the place, which convert into civil 
time (by Prob. IV, Art. 60). 

Example: Find the civil time at a place in longitude 96° 11' 37" E., corres¬ 
ponding to April 30, 7A. 17W. 19^. astronomical time at Greenwich. 


Astronomical time at Greenwich, April 30 

= 7//. 

1 7 /«. 

19^. 

Longitude of place, in time, E. 

= + 6 

24 

46 

Corresponding astronl. time at place, Apl. 30 

= J 3 

42 

05 

and corresponding civil time at place, May i 

== I 

42 

05 A.M. 


65. Problem IX.— To find the time when a star culminates or passes the 
meridian of a given place on a given day; the longitude of the place being known. 

Rule : From the right ascension of the star (given in the * Nautical Almanac ’ 
under the head of “Apparent places of stars ”), increased. If necessary, by 24 
hours, subtract the right ascension of the sun at mean noon of the day (given in 
Table II of the * Nautical Almanac,’ under the head of “Sidereal time at mean 
noon”) corrected for difference of longitude (by Prob. V. Art. 61), and the 
remainder will be the sidereal time, which, converted into mean solar time (by 
Table XXXVII, ‘‘ Calculating Tables,” 5th edition), will show the mean astrono¬ 
mical time of the star’s culmination at the given place. 

Example: At what (astronomical) time will Arclurus {^^\iob\\si) culminate 
at Moulmein, in longitude 97^ 40' 23" E., on the 8th December 1880? 

R. A, of star (N.A., App. places) + 24 hrs. ... = 38//. io;;/.i3*8^. 

R. A. of sun (N. A., p. II), 8th Dec., or 

sidereal time at mean noon = 17//. io?n, 28’5^. ) 

Correction for long. E. I = 09 24*3 

= 97 X 0*65715. = —01 04*2 ) --- 

Sidereal time of star’s culmination ... ... = 21 00 49*5 

• *. Mean astronomical time of star’s culmination ... = 20 57 23*0 

Note: Other ways of recording much the same system of work above denoted 
are given below. 

At a station in N. lat. 27° 15', E: long. 72° 30', required the time of the upper 
transit of Fomalhaut on the 2nd February 1874. 

(i) Sidereal time at mean noon, Greenwich, 2nd Feb. = 20//. 50/^, 01*915, 

Corrn. for E. long, (by Prob. V, Art. 61) = 72 - 5 o®Xo‘ 657 i 5 . «= — 47*64 
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Sidereal time of mean noon at station ... ... — 20/;. 49W. I4•27^. 

R. A. of Fomalhaut on 2nd Feb. ... ... = 22 50 39 61 

The diffn.=Sidl. interval after mean noon of Fomalhaut = 2 01 25'34 

Sidl. interval converted into mean solar interval (by Table 
XXXVII of “ Calculating Tables/' 5th edition). 

Mean solar interval after mean noon=Mean solar time of 

transit of Fomalhaut ... ... ... = 2 01 o5'45 

(ii) A shorter method than the foregoing is— 

R. A. of Fomalhaut on 2nd February = Sidereal time of his 

transit ... ... ... ... — 22/1. $om. 39’6i^. 

Convert into solar time, thus— 

At Greenwich, mean time at precetling sidereal noon, 

namely, ist F'eb. {vide ‘ Nautical Almanac’) ... «= 3/t. 13//;. 22'885. 

Corrn.forE.long. (byProb. VI, Art.62)—72'5 o°Xo'665I5. = + 47’49 

At station, mean time at preceding sidereal noon ... = 3 14 10 37 

Equivalent mean time to ilh. 50/;/. 39‘6i^. Sidereal time (by 

Table XXXVII of “ Calculating Tables,” 5th edition; = 22 46 55’o6 

Mean solar time 26//. o5‘43J. on 1st February ... = 2 01 05 43 

on 2nd Feb. 

66. Problem X .—To find the polar distance of a celestial object; the 
latitude of the place being kno7vn (Figs. 436, 439). 

Rule-. When the latitude of the place and the declination (which is found 
in the ‘ Nautical Almanac ’) of the object are of the same name, that is, are both 
north or both south, the polar distance is = 90° — dec.; but when they are of 
opposite names, that is, the one north and the other south, the polar distance 
is = 90° + dec. 

Example-. Lat. N., dec. 13° 27' S. gives P. D. ... = 103° 27' 

„ N., „ 21 58 N. „ „ ... 68 02 

„ S., „ 22 02 N. „ „ ... = 112 03 

„ S., „ 23 45 S. „ „ = 66 15 

Note {a) -. To find the altitude of a star, at transit, viith the latitude 
given. 

At a station in N. lat. 27° 15', E. long. 72° 30', required the altitude 
of Fomalhaut at his upper transit on the 2nd February 1874 {see Note in 
.\rt. 65). 

(i) {See Fig. 436.) The altitude of a transiting star = co-lat. ± decli¬ 
nation. 

Co-lat. ... ... ... = 62° 45' oo'o" 

Declination (South) ... ... = — 3° *7 37 ° 

Altitude of Fomalhaut, measured from 
the south point of the horizon ... = 32 27 23'o 

(ii) (See Fig. 439.) Or, Altitude measured from the north point of the 
horizon = lat. N.P.D. 

A'ote {b) : To find the Right Ascension and North Polar Distance of stars 
•whose mean places only are given in the Nautical Almanac or other star cata¬ 
logues.* 

OBSERVATION. 

* The ordinary surveyor need not trouble himself about these calculations 5 he would confine his obser» 
vations to N.A. stars only, 
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( 1 ) Find the Right Ascension and North Polar Distance of 1612 New 
7 years’ Catalogue on the 8th December 1873 {vide Explanation in N. A.) 



On the ist January 

1873, mean R. 

A. 

1 3//. 

46;;/. 04 424s. 



and mean N.P.D. 

• • • 

... 

-= 6° 

36' 

38'704 



R.A. 




N.P.D. 



Logarithms. 

Nat. mini. 

L 

logarithms. 



Nat. num. 

€ 

9 ' 83 ifj 5 


r/ 

9‘84S<'8 




E 

I'46545 


E 

1-46545 





1*29710 

... I 9 ‘ 8 jo 5 . 


1-31413 

... 

... 

20()I2" 

f 

997272 


/' 

0-3I9S2 




F 

105249 


F 

1(15249 





r6252i 

... 42190^'. 


1 97-31 

... 

... 

93-824" 


1 '35935 


/ 

1-632^1 




G 

027805 


G 

027805 





1-03740 

43-3915. 


I'QIoSt) 

... 

... 

81-445" 

h 

9'83383 


h' 

9-87(152 




H 

1-27369 


H 

1-27369 





1-10752 

... 12-8095. 


Oi 

0 

... 

... 

14-13-!" 



1250555. 





j-'=z69 809" 



I— 510855. 





1 =51-085" 



2943505. 





330-907" 



•— 300 0005 . 




— 

- 300000" 

Reduction of R.A. — 

— 5'650-f- 

Reduction of N. 1'. 

D. 

. r 

+ 30907" 

Mean R.A. ~ 13//. 

46W. 44245. 

Moan N. r. D. 


= ip 

36' 38-704" 

Apparent R A. = 13/;. 

45 W- 58 ' 774 ^- j 

Apparent N. P. D. 



37' 09-611" 


(A star like the above might be observed at transit, to see how it will answer before 
fixing on it for an Azimuth Star.) 

(ii) On ist January 1874, of No. 1612 New 7 years’ catalogue, Mean 
R.A. = 13A. ^6m, 02*33^, and Mean N.P.D. = 6° 36' 5674". Required R* A. 
and N. P. D. of the stars on 25th February 1874. 

(In the following computation Airy’s Day Numbers have been used.) 


Logarithms. 

R. A. 

Nat. num. 

Logarithms. 

N. P. D. 

Nat. num. 

e 9-83165 

E 0-88658 


9 848^^8 

E 0*88658 



0*71823 

... ... 5-3375. 

0*73526 

... 

5-436" 

/ 9-97272 

F I 51721 


f 0-31982 

F 1-51721 



1-48993 

... ... 30-8985. 

1-83703 

... 

... 68-713* 

a 1-35935 

G 0 06480 


Y 1-63281 

G 006480 



1*42415 

... ... 36-5555. 

1*69761 

... 

49-844' 


28 
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R. 

Logaritlims. 

h 983383 

11 1*24225 


1*07608 


Reduction of R. A. 
Mean R. A. 

Apparent R. A. 


Nat. num. 

I 125 ‘ 055 -y- 
L = iirj(jjs. 

310942.?. 
— 3 ooc)oo 5 ‘. 

= -I- lo-y.R-. 

— 13//. 4I!;;/. 02-33.?. 
-- 13//. 13 27.?. 


' Logarithms. 
: h' 9-87652 
H 1*24225 

1-11877 


Reduction of N. P. D. 
Mean N. P. D. 

Apparent N. P. D. 


P. D. 

Nat. num. 


^ 3 * 145 " 

/'= 60-809'" 
L = 111*292" 

318*238" 
—300*000" 


- + 18*24" 

- 6^ 36' 56 * 74 " 


= 6° 37' 14*98' 


67. Problem XL— To correct the observed or apparent altitude of the sun 
to obtain its true altitude. 

Observations: The sun’s horizontal parallax varies only of second, and 
may in practice s^enerally be considered as invariable. The parallaxes tn alti* 
tilde for the sun at any given time, may therefore be considered the same for any 
other time; and thus being consta/ity they are given in (Table XXXIX, '' Calcu¬ 
lating Tables,” 5tli edition). 

Rule : If the sun's centre is observed: Subtract the mean refraction (taken 
from Table XXXVIII, “ Calculating Tables,” 5lh edition) corresponding to the 
observed altitude, to which add the sun’s parallax in altitude (taken from Table 
XXXIX. ” Calculating^ Tables,” 5th edition). 

If either limb oj the sun is observed: To the above result, add the sun’s 
semi-diameter (obtained from Table II of the ' Nautical Almanac ’), if the loiver limb 
was observed ; but subtract it if the upper limb was observed. 

Example: i. On October ist, 1880, the meridian altitude of the sun’s 
centre was observed to be 18' 22"; required its true altitude; barometer 
being 30*00 inches, and thermometer, Fahrenheit, ^0^.* 


Observed altitude of sun’s centre 

Correction for refraction •--- — T 52*3" | 
„ ,, parallax = + 07*8 ) 


2 f 18' 22" 

I 44*5 


True altitude of sun 


27 16 37*5 


Example: 2. The observed altitude of the sun’s upper limb on the 20th 
December 1880, is 41^^ 10' 47'"; barometer = 30*65 inches, thermometer = 80° F.; 
find the true altitude of the sun’s centre. 

Observed altitude of sun’s upper limb = 41° 10' 47'^ 

Correction for refractionf = — i' 040") ___ 

,, „ parallax = + 06*7 ) ^ 


True altitude of sun’s upper limb 

= 41 

09 

497 

Sun’s semi-diameter 

= — 

16 

179 

True altitude of sun’s centre 

= .4^ 

Jii. 

31^ 


OBSERVATIONS. 

* When the barometer and thermometer readings arc not registered, the mean refraction, which is 
calculated for Bar. 30 inches and Ther. E. So"", is only applied. 

tRcfn. for 41'' = 01' 06*9" 

„ ,, 10 47 “ “”* 00 4 

Bar. „ 0*65 in. = + 01-5 

Therm. „ 30"* = — 04*0 


Total correction =»= 


01' 04-0" 
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68. Problem XII.— To correct the observed or apparent altitude of a star to 
obtain its true altitude. 

Observation: The fixed stars have neither parallax nor semi-diameter on 
account of their immense distance from the earth, and consequently their observed 
altitudes require no correction for the same. 

Rtde: Subtract tlie mean refraction (taken from Table XXXVIII, “Cal¬ 
culating Tables,“ 5th edition) corresponding to the observed altitude, for the true 
altitude required. 

Example: Required the true altitude of a star whose apparent altitude was 
observed to be 86° 17' 20'^ 

Observed altitude of star ... ... = 86° 17' 20" 

Correction for mean refraction ... = — 03*8 

True altitude of star = 86 17 16*2 

69. * Problem XIII.— To determine the direction of the meridian at a place, 
by observation of a circumpolar star at its maximum elongation; the latitude and 
longitude of the place b^u'ng bioivu. (Figs. 475, 499.) 

Observations : To select a circumpolar star for the purpose of observation, 
look for one in the ‘ Nautical Almanac,* whose North declination therein given, is 
greater than the co-latitude of the place of observation. 

Rule: The following elements are given 
Latitude of place of observation ; 

Declination of star (from ^ Nautical Almanac *). 

The following elements are required :— 

ist. Hour angle (or time of elongation); 

27 id. Star’s azimuth (at time of maximum elongation) ; 

3rd. Star’s altitude. 

The required elements are calculated by the following formulae:— 

N. P. D. = 90° — declination (by Prob. X, Art. 66); 

Cos. hour angle = tan. N. P. D. X tan. latitude; 

Sin. azimuth == sin. N. P. D. X sec. latitude ; 

Sin. altitude = sec. N. P. D. X sin. latitude. 

The hour angle converted into time (by Prob. I, Art. 57) and added to the 

star’s right ascension (as given in the ‘ Nautical Almanac’) will give the sidereal 
time of western elongation ; and subtracted therefrom will give the sidereal time 
of elongation. This sidereal time must then be converted into mean or 

clock time (by Prob, VI, Art. 62), 

Example: Find the maximum W. elongation of Polaris (a UrSeX Minoris) 
on the loth December 1880, at Moulmein, in latitude 16° 28'46" N., and longitude 
97° 40' 23" E. 

Elements given: 

Latitude of Moulmein = 16° 28' 46" N. 

Declination of star (from N. A., App., places) = 88 40 51 N. 

N. P. D. = (90° - 88° 40' 51") rrr: I ig 

To find the hour angle 

By formula, cos. hour angle = tan. N. P, D. X tan. latitude 

by logs., L. cos. h. a. = 10 — L, tan. N. P. D. — 10 + L. tan. lat. —10 

= L. tan. 1° 19' 09" + L. tan. 16° 28' 46" — 10 
= 8'362 25o ■+ 9*471032 — 10 
= 7-833282 = I., cos. 89° 36' 35" 

.*. hour angle = 90° 36' 35" = 5//. 58;;/. 265, sidereal time, 

R.A. of star, 10th Dec, (N.A., App., places) = + i 15 43 

OBSERVATION, 

* The solutions given of some of the formula; in this Article and Articles 70,71 and 77, are arrived at by 
the rules of spherical trigonometry with which the ordinary surveyor need not be familiar. 



AID TO LAND-SURVEYING. 




Sidereal time of W. elongation — \\m, gs. 

Mean astronomical time of W. elongation (by Prob. VI, Art. 62)* 

= 13//. S5;«. 35^. Dec. loth 
( - * 55 3S» ^'vil time). 

To find the stars azimuth 

By formula, sin. azimuth sin. N. P. D. X sec. latitude 

by logs., L.sin. azimuth ^ 10 + L. sin. N. P. D. — 10 + L. sec. lat. — 10 

L. sin. 1° 19' 09" + L. sec. 16° 28' 46" — 10 
— 8362134 + 10*018217 — 10 
^ 8*380351 sin. 1° 22' 33" 

.*. azimuth — 1® 22' 33". 

To find the stars altitude :— 

By formula, sin. altitude = see. N. P. D. X sin. latitude 

.*. by logs., L. sin. alt. * 10 + L. sec. N. P. D.— 10 + L. sin. lat. — 10 

= L. sec. 1® 19' 09" + L. sin. 16° 28' 46" — 10 
' = 9999885 + 9*452816 — 10 

= 9*452701 —^ sin. 16° 28' 30'' 

.*. altitude 16° 28' 30". 

The next step is to take the required observation on the circumpolar star, 
which is done in the following manner:—About a quarter of an hour before the 
computed time of maximum elongation (as 1//. 55 //^ 35 ^*. A.M.) plant the theodolite 
over the station at which the direction of the meridian is to be determined ; put 
it through its temporary adjustments, set vernier A of the horizontal plate to zero, 
and the verdcal verniers to the computed altitude of the star (as E. 16° 28' 30"). 
Move the lower limb of the theodolite, and get the star into the field of the 
telescope,! intersecting it carefully with the cross-wires by means of the lower 
horizontal and the vertical tangent screws. The maximum elongation not having 
as yet occurred, the star will be receding from the meridian; continue therefore to 
follow the star, intersecting it by the lo 7 ver horizontal and vertical tangent screws, 
until the star ceases to have any motion. Now release the upper horizontal and 
vertical clamps, and lay off the computed azimuth (as 22' 33'') towards the 
meridian. If the star is at Its 7 vestern elongation (as in the example), vernier A 
of the horizontal plate must be set to the azimuth angle eastwards^ plus (as at 
1° 22 33"); but if the star is at its eastern elongation, vernier A of the horizon¬ 
tal plate must be set to the azimuth angle ivestwards, minus fas at 358° 37' 27'') : 
the telescope will then be in the plane of the meridian. Next set a small buirs- 
eye lantern at a point, called a referring mark, on a survey line (where such exists) 
or out of it, at a distance of about 20 chains, and connect it by observation with 
the meridian just found. Thus, the true bearing of the referring mark having 
been fixed, the true meridian may at any time thereafter be set off from it, or the 
true bearing of any other line from the station of observation obtained. 

Note (i).— To determine the azimuth of referring mark from observations 
to a circumpolar star (see Fig. 475). 

Preliminary approximate calculation of variation In altitude about elong¬ 
ation :— 

In the case of Polaris, on a certain day, let its N.P.D. ==S= 1^22'22" = 4,942''. 

In 24 hours Polaris describes the circle = 27r?, and in n minutes it will 

describe an arc" = X ... (')•__ 

OBSERVATIONS. 

♦ Mean time at the />recfdttigsklerecil noon, namely, Dec. lo (N. A., p. Ill) = 6 /*. 40m, 33^. 

Correction for longitude E. — 97*68" X o 65515. = 64*05 =; + 01 04 


Sum s 6 41 37 

For 7/1.14W. 095. sidereal lime, the equivalent mean solar lime (by 

Table XXXVII, “ Calculating Tables,” 5th edition) ... = 7 12 58 

Mean solar time required = 13 54 35 

t Small theodolites are not provided with the means of illuminating the cross-wires of the telescope at 
night, hence some plan as the following must be had recourse to Make a white paper ring about an inch 
broad to fit on to the object-end of the telescope, the paper rim projecting about half an inch beyond the end 
oT the telescope. A lamp held at a short distance with the light falling obliquely on the paper will light up. 
the cross-wires clearly. 



XVI. PRACTICAl. ASTRONOMY. 


221 


The movement about elongation may be assumed to lake place in the plane 
of the vertical circle OZH, and the change in arc in a certain time = the 
change in altitude corresponding to the same time; in Q put arc"—and if— 

, If • . 'in, l. n. 3‘UIBO X 4,042" 

I ; then in an interval of i minute a ~ — — - 


24 X ()o 


12 X 50 


720 


log. 3 '141 59 
Ar. Co.—log. 720*0 

log. 4,942" 


0-497149 
— 3*14 2668 

3*639817 = constant log ; 
= 3*693903 = log. N.P.D". 
1*333^20 log. Cl' for 1"' 


/.a'' — 21 * 6 " for I minute, 
and 

a' — 108*0" for 5 minutes. 

Note {y\).-~Cor)iputatton of azimuth from circumpolar star observations {see 
Fig. 499 )- 

For First Factor — Hour Angle, 

Cos. P = tan. S. tan. A. {see Fig ) Let S. = N.P.D. 

X. =^- Lat. 

differentiating with respect to S. only P. ~ Hour Angle. 

—Sin. P. tan. A. sec.* 8., A. = Azimuth, 

or dP = — sec.^ N.P.D. X tan. A. X cosec. P X cl8. (i). 


For factor of Azimuth — 

sin. 8. — cos. A. sin. A, 

or sin. A ■= sin. 8. sec. A.; .*. cos. A^ = cos. 8. sec. A., and 

A = cos. N.P.D. X sec. A. x sec. A X d8.(2). 

(1) and (2) arc the expressions used in computation. 

In (1) dP = —sec.* N.P.D. X tan. A. X coscc. P X d8. 

or dP =—fp X d8. where fp is the factor for horary angle. ** 

Similarly in (2) clA = cos. N.P.D. X sec. A. X sec. A X d8. 

= fA X d8. where fA is the “ factor for azimuth. 

Hence the negative sign is always to be prefixed to fp 
and the postive sign is always to be prefixed to fA. 

70. Problem XIV.— To determine the azimuth at a place by observation of 
Stars of either North or South Declination^ or of the Sun, (Figs. 488-489^?, 

5 ^ 6 .)* 

{a) The first three examples (Nos. i to 3) given in this Article are speci¬ 
mens of a field-book and computation, for determining the meridian (by means 
of star observations) as adopted in the Revenue Survey of India, which will be 
found useful. The variation of the needle given in the forms has reference to the 
‘ Meridian of origin ’ and not to the ‘ True meridian * of the station of observation. 

A valuable paper on the subject was drawn up by the late General Sir J. T. 
Walker, R.E., from which the following passages are extracts :— 

When great accuracy is required, the method of determining astronomical 
azimuths by observations to a circumpolar star, at or near the time of its maxi¬ 
mum elongation, is to be preferred to any other. But when all that is required 
is to obtain an Initial or a verificatory azimuth for theodolite and chain traverses, 
or for minor triangulations, a more preferable method is that given in the compu¬ 
tation forms hereafter given and employed in the Revenue Survey Department. 
It is to observe simultaneously the altitude of a star situated almost due east or 
west of observer, and the horizontal angle between the star and a referring mark ; 
then the azimuth of the mark may be deduced when the latitude of the place and 
the north polar distance of the star are known. 

OBSERVATION. 

• For the logarithmic c<aIculations and refraction and parallax values occurring in the examples (8 in 
number) to the subject of this Article, consult the “ Calculating Tables’* (5th edition), Tables XXXI (Log, 
numbers), XXXII (Log. Sines and Tangents), XXXVlll (Refraction) and XXXIX (Parallax). For the 
corrections for convergency of meridians, refer to Table XLIi of the same book. 






323 


AID TO LAND-SURVEYING. 


The practical advantage of this method lies in its being readily applicable at 
any time between dusk and dawn when stars are visible, and also in its permitting 
observations being taken to stars of the largest magnitudes ; whereas the circum¬ 
polar stars are mostly of comparatively small magnitudes,_ and they not un- 
frcquently attain their maximum elongations at times when it is very inconvenient 
to have to observe them. There are several large stars which may be observed 
early of an evening, or in the morning, when there is just sufTicient daylight to 
enable an unilluminated referring mark to be seen, and also to enable the wires 
of the theodolite to be seen without illumination. In such cases the angles may 
be measured with no more trouble than if a terrestrial object. were observed 
instead of a star. And even in cases when the twilight is too short to enable the 
requisite ob.servations to be taken, and arrangements must be made for illumi¬ 
nating the referring mark and the wires of the theodolite, it is still a great conve¬ 
nience to be able to take the observations early in the evening before the usual 
dinner hour, and thus get the work done without breaking into hours of the night 
which may be more profitably employed in resting than in working. 

Not less than one pair of observations ‘ face left ’ and ‘ face right ’—including 
both the horizontal angle between the referring mark and the star, and the verti¬ 
cal angle of the star—should be taken in each instance, to eliminate the several 
constant instrumental errors ; but more than two pairs of observations arc not 
ordinarily required to give a result within i minute of the truth, provided the 
star is favourably situated for the purpose of the observations. 

Let ACB {see Fig. 506) be a spherical triangle in which /I is the position of 
the observer’s zenith, C that of the star, and B that of the pole ; 

then the side a, or CB, is -= the North Polar Distance of the star, 

„ ,, c, or AB, is — the Co-latitude of the station, 

,, „ b, or AC, is - - the Zenith Distance of the star, 

,, angle A is the azimuth;il angle measured from the north, 

,, ,, C is the parallactic angle, 

,, ,, B is the hour angle. 

Then by the fundamental formula of spherical trigonometry. 

7 — COS. c COS. 6 


cos. A = 


If we put- 


bin. c. sin. d 


cws. U 

cos. c. cos. d 


... ... ( I ) 

then, cos, A = (x — i) cot. c. cot. d ... ... ( 2 ) 

and this form of computation is used in the Revenue Surveys, with the substi¬ 
tution of (90® + the Declination) for the North Polar Distance, of the Latitude 
for the Co-latitude, and of the Altitude for the Zenith Distance; but the calcu¬ 
lation requires careful attention to the siij^ns of the quantities involved. 

Most computers would probably prefer the well-known equivalent formula 

COS. i A = ^ sin.«.sin.(.v-n) 

Sin. c'. Sin. 0 


in which s = J (a -f- c -1- b) 


... ( 3 ) 

... ( 4 ) 

It is not more laborious, and the signs are all positive and give no trouble. 

In order to ascertain the position in wliicli the star is most favourably situ¬ 
ated for observation, let us assume that the Latitude is correctly known, but 
that an error db has been made in the measurement of the star’s zenith distance; 
let dA be the corresponding error in the resulting azimuth, then 

cot. C 


dA = 


sin. b 


'lib 


( 5 ) 


Thus the error of the azimuth will be a minimum when cot. C = o, or C = 90° 
f.^., when the star is at its elongation; and it will always be less than the error 
db when cot. C is less than sin, b. 

If the azimuthal angle Is substituted for the parallactic angle, the formula 

will become , . , . ^ 7 , 7, 

a A = — (cot. c. cosec. A — cot. b. cot. A) db ,,, (6) 

which shows that when the azimuthal error is a minimum 

. cot. c 

cos. A ^ 

as is always the case at the elongation. 
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Secondly^ let us assume that the adopted value of the latitude is erroneous, 
but that the observations are exact; let dc be the error of the co-latitude and 

dA that of the azimuth, then dA = — ^ • dc ( 7 ) 

Thus the error will be a minimum when cot. /? = o, or 5 = 90°, that is to say, 
six hours before or after the star transits the meridian ; and it will always be less 
than the error in the latitude when cot. B is less than sin. c. 

If the azimuthal angle is substituted for the hour angle, the last formula 

becomes ^ cosec. A — cot. c. cot. A) dc ... (8) 

which shows thht when the azimuthal error is a minimum 


^ AM. - 

Both of the terms within the brackets of equations (6) and (8) are liable to 
become larger when the azimuth approaches cither or 180°; but up to 90® their 
difference only is effective on the deduced value of the azimuth, whereas beyond 
90° their sum is effective, and therefore it is not desirable to observe a star when 
its azimuth materially exceeds 90°. 

Example \ An azimuth was determined at Girishk, near Kandahar, by obser¬ 
vations to Sirius, at a time wlum the star was approximately in azimuth 132° 56', 
and altitude 26^ 22', its N.P.D. being 106^ 33'. The adopted value of the latitude 
was 31° 45', which ^vas subsequently ascertained to be 2' too low. It may be 
readily found by the preceding formula that the error in the azimuth which was 
caused by the error of + 2' in the co-latitude is ~ — 1*25 dc = — 02' 30"; it would 
have been less than i minute if a star had been observed on the prime vertical at 
the same altitude. 

In addition to errors In the latitude and the vertical angle, there is an error in 
another quarter, namtdy, in the measurement of the horizontal angle between the 
referring mark and the star, which has to bo provided against; when the star is at 
a considerable elevation, much error may be caused by defects in the construction 
and adjustments of the theodolite which is employed to measure that angle. Now 
this error will be a minimum when the star is about on a level with the referring 
mark; but on the other hand, the, star must not be observed too near the horizon, 
as errors of refraction are then a maximum. 

Thus wc see that, taking everything into consideration, it is desirable—at 
least in Northern India—to avoid st^ars of South Declination, and to choose stars 
of North Declination, up to but not exceeding the co-latitude of the station; and 
also to observe the star at an altitude between 10^ and 25°. 

• In observing, the following procedure should be followed:— 
isL —Level the theodolite carefully. 

2nd ,—Set the theodolite so that the A vernier will read 0° o' when the 
magnetic needle points to the north. 

Jrd .—Set the telescope on the referring mark and record the readings 
of the horizontal verniers. 


4th .—Set the telescope on the star in such a manner that the star will 
be seen at the intersection of the horizontal and vertical wires} 
this requires a little practice, but is easy to perform ; then record 
the readings of both the horizont^il and the vertical verniers. 
Sth ,—-Change face. 

6th ,—Observe the 3tar as in (4). 

yth ,—Observe the referring mark as In (3^ 

If the index and collimation errors of the instrument are large, a consider^ 
able difference between the results on ‘face right’ and ‘face left’ may arise from 
this cause only and not from errors of observations; consequently, two or three 
pairs of observations to the same star should always be taken, in order to indicate 
whether the discrepancies between opposite faces are instrumental or due to errors 
of observations. 

Stars should be selected for observation in accordance with the principled 
laid down above. 

Sufficient observation for a determination of the azimuth within 2 of the truth 
may generally be taken in half an hour, with a 7-inch theodolite, so there will be 
no need to make a toil of what should be a pleasure. 
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The observations should be recorded and computed in the Form found in the 
Examples below. 

Star charts,* as given in (Figs. 488-489^?), showing all stars of the ist, 2nd and 
3rd magnitudes, are very useful in assisting an observer to find the star he wants, 
the position of each star being fixed by its right ascension and declination. All 
the constellations are also entered on these star maps. On the maps f the stars are 
projected as we actually see them in the heavens looking at them from the earth; 
but on celestial globes, as seen from the outside, their positions arc reversed, as 
the earth on which the observer is placed, is supposed to occupy the centre of the 
globe. 

(b) The next three examples (Nos. 4 to 6) provided in this article have 
reference to sun azimuths for observations taken under conditions such as those 
described in Chapter XIll, Art. 94, or any others. The azimuth values derived 
from star observations are, from the nature of the respective objects ithe star being 
better defined) superior to those obtained from the sun.J The latter should, there¬ 
fore, be restricted to places where, from whatever cause, it is not convenient to 
observe to stars. The “ Variation of the needle ” given in the forms refers to the 
‘ Meridian of origin ’ of the survey and not to the ‘ True meridian ’ of the place 
of observation. 

{c) The last two examples (Nos. 7 and 8) given in this article refer to star 
azimuths worked out in a new form wdiich will be found serviceable. The com¬ 
putations for sun azimuths can likewise be worked out in these forms, as they 
also can in the forms to examples i to 3 ante. 

OBSERVATIONS. 

* Larger ones arc printed in the Trigonometrical Survey Office at Dehra Dun, which may perhaps be 
had on application. 

t The projection of the maps h geometrical and globular. The visible universe, or celestial sphere, is 
of vast dimensions and is viewed from inside the vault; the cardinal points on the maps are different to 
those of a terrestrial atlas, that is with the north at the top, the west will be to the right of each map and the 
east on the left. The stars revolve round the poles of the heavens in the same time that the earth takes to 
rotate on its axis, in a direction contrary to the hands of a watch. The mc-tion of the earth is from W. to E., 
and the apparent motions of the stars is thus from E. to W. To view the stars as they would appear in the 
sky from a point on the earth, hold the maps erect facing North with the corresponding point of the circum¬ 
ference at the bottom when the northern hemisphere will be pictured. Similarly, by facing South and the 
corresponding point of the circumference lowest the southern hemisphere is represented. 

X The samples given, however, are selected ones and considerably belter than the average of this 
description of azimuth. 
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Ain TO LANn-SURVRYING. 

Example 5 . 


Obsirviition and Computation oj Actmufhs. 

{Apptirabk to the Sun). 

Wi March iSo! Observation for Mimuth at 0 M of -'A"'" Circuit No 5. district rimyilmvo, Pyalo circle. Length 
of Line ig-.ig Chains. Lalil ml N. if 1/oH'■, Longitude E.iif i.f'1 a". .V.idh- B.artng m 00 . Theodolite s-inch, 

p/o. 6Sj, by Thomas Cooke amt Son.x. 
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Computation . 
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♦ “ Calculating Tables ’* (5th edition). 










































Observation and Computation of Azimuths. 

[Applicable to the Sun.) 

I'/th April i8g2. Observation for Azimuth at © of Main Circuit No. 5. District Thayetmyo^ Nyaiinghinzcxk circle. Length of Line 14*45 Chains, 

Latitude N. icf 01' of'- Longitude E. pj® /o' of. Needle Bearing 16 D 5/' 20". Theodolite 5-inch^ No. 682, by Thomas Cooke and Sons. 
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Example 7 . 

igth April igoo. Computation of Azunuth at of Main Circuit No, 8. District Lower Chindwifi. Lon^t/i of Line F" .Y" = i2'2g Chains. 

Latitude N, 22^ jt' 2g'\ Needle Beari^ig 8f 13* iO*\ Theodolite 6-inch^ No. 1028, hy Tho?nas Cooke and Sons. 
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24th April igoo. Cofnpzitation of A zimzith at © of Main Circuit No. 6 *. District Lozver Chindwin. Length of Line = S'2'* Chains. 

Latitude N. 22^ 26* 5 ( 5 *". Needle Bearuzg 272° 28' 00". Theodolite 6-inch, No. 2028, by Thoznas Cooke and Sons. 
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71.* Problem XV.— To determme the asimuth at a place by observation 
of Stars of North Declination only. 505, So6.)t 

A specimen alternative form (which contains the solution, according to the 
new method, of hxamph^ 2 of Art. 70) of computation of the Azimuths of North 
Declination from observations of Altitude, prepared by Captain II. Lee.s Smith, is 
given below. Ihis form is much simpler and less liable to mistakes, than the 
form given in (Art. 70), and in it a great deal can be worked out before the 
observation ; also, th(i formula given in (Art. 70) r(iquires frequent turning from one 
Log-book to another in consequence of the fact that angular and numerical 
values arc both used in the same computation, while in the formula given below 
an advantage is gained by employing angular values only. 

It is of little disadvantage that this formula is applicable; to Stars of North 
Declination only, as in practice greater accuracy in Azimuth computations may 
be expected from Stars of Northern Declination, than from tliose of Southern 
Declination. 

The following is the explanation of the formula for the computation of 
Azimuths of Stars of North Declination :— 

When the Aaiinuth is less than, go"" (see Fig. 505). 

)) ,, ,, ,, greater than go ' {sec Fig. 506). 

ABC is a spherical triangle, in which A is the Zenith, 

B is the Pole, 

C is the Star observed ; 

hence the .sides a —- co-DecIination or N.P.D., 
b co-Altitude or Z.D., 
c co-Latitude. 

BZ is an arc perpendicular to the side (h) from Pole B. 

M is the middle point of {b). 

Let the arc MZ — 0, then (Fig. 1) AZ = 


CZ - 


ZD 


In the right f ‘’spherical A PCZ, (.'os. CZ X Cos. HZ - - Cos. a|Hy Napier’s Cir* 
In do. do. AHZ, Cos. AZ X Cos. BZ Cos. cS cular Parts, 


Cos. CZ Co.s. -0) 

Cos. AZ Cos. (^ -i- } 

Co.s.(f-^J ) - Cos. (!j \rn) 
Cos.(^ — 4 - Cos. (3—I' 


(X)S. a 
Cos. c 

Cos. ii — Cos. c 
(X»s, b -f C< »s. c 


tan. 0 X tan. — 


X tan, 

2 2 


tan, 0 = tan. X tan. ■’'±5 X cot. ^ 

tan.“-'^‘"iX un. 

2 

CO- Decu. H- co-L.'it. ^ Zl) 


(0 


again, in the right sirhcriral A BZA, 


OJlSEKVATiONS. 

♦ Extracts from a Circul.ir Order of the Survey of India. 

t Eor the logarithmit: c.ilculations and Refraction and Parallax values occurring in the Examples (three 

in numbor) to the su])ioct of this Artiilc, consult the “ C.alculaiing Tallies” ( 5 th edition), Tables XXXI 
{\!or^[unhovs),XX^^^ (Log. Sines and T.mgonts), XXXVIll (Refaction) and XXXIX (Parallax). 
Eor the correction for Cunvcr^(Micy of Meridian in l*.xamplc I, refer to Table XCIl of the same book. 4 he 
Tables given in the ‘ NauticarAlman.ic * for finding the Latitude of a place by Observations of Ute Pole Star 
{a Ursaj Minoris) .are founded nn the. following formula: I ^ it p cos/i -+■ i sin i (/> sin A) "tan fl, 
where I denotes the latitude, a the true altitude of the Star,/> the apparent polar distance, and /i —. S a, 
the hour angle of the Star; S being the local sidereal time of Observation and a the apparent right ascen¬ 
sion of the Star. Table I contains - p co.s/t or the first orrectinn; and Table II., § sin i''(/> sin A)" 
tan u or the .s'ccc)n^/assuming p = fi* .and « = 21 30 • I able 111, which depends on the 
difle. cnce between the true and assumed values of p and «, contains the third correction increased by 1 for 
the purpo.se of rendering the quantities additive. A fourth term — \ sin" 1" (p cos h) {p sin hy is omitted, 
its greatest value being less than 0*5.'^ 
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ZD 

Cos. A = cot. c X tan, AZ = cot. co-Lat. X (tan. ^ -I- 0 ), 

2 

Cos. Azimuth == tan. I.at. X tan. j ... ... ... ... (2) 

Equations i and 2 arc those on which the formula depends. 

N.B ,—In rigiire 2 where the Azimuth is greater than 90°, AZiz((>—) 

and Cos. Azimuth = tan. Lat. X tan. ((I — 

An inspection of the above figures will make clear the following rules :_ 

If the Declination is greater than the Latitude, the of the arcs (I and 
IS to be used in the computation. 

If the Declination is less than the Latitude, the difference of the arcs 0 and 
is to be used. 

The Azimutli is either greater than, equal to, or less than go°, according as 
0 is greater than, equal to, or less than 
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A^.5.—When Polaris is observed for Azimuth, a check observation must be taken to some East or West Star, 
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Example 2 (same as Example 2 of Art. 70). Another method. 


Computation of Azimuth [Horizontal and Vertical Angles observed sifnultnneously). 


St.'ition ... = 

loOofM.r.No. IJ 

©OofM.C No. 12. 

© 0 of M.C. No. 12. 

'©OofM.C. No.ia. 

Star, R. or W. 

* Cnpella, K. 


1 (^apell.a, R. 

* 

Capell.i, E. 


c.apella, E. 

Dale Abt. ... = 

jjiid No\eml)(r 

22nd November 

22nd November 

22nd November 


1 1S76. 


1870. 


1870. 

1 

1876. 


j ,j , 

f/ 

i . , , 

1 = 

f // 

0 

• n 

Mc’an /cnitli Distance t: 

; 7 r 3 '-i 

«5 * 

1 70 47 05 

1 <■'9 

52 35 

69 

00 35 

Refraction 


19 

+ 02 43 

l-f 

02 34 

+ 

02 27 

Corrected Z. D. (9 -- 

71 .31 

54 

70 49 48 

I 6() 

55 

6y 

03 02 

Codalitiide (y) -- 


8.S 

f'’ S» 35 

1 59 

SS 35 

5 <^ 

58 35 

N. P. Distance (A) — 

D 07 

S') 

41 07 30 

i ''i 

07 39 

44 

07 39 

Sum = 

; 41 

nS 

171 56 OJ 


23 

170 

09 16 

Hall „ (s) 

! sn .(I 

84 

Ss .58 or 

85 

30 42 

85 

04 38 

s -A = 

1 .[2 12 

o.S 

41 50 22 

4 » 

23 03 

40 

59 59 

s—y ■ - 

i 21 

50 

28 59 26 

28 

32 0/ 

28 

(16 03 

s—K — 

: 1 f 45 

4 “ . 

15 oS 13 

*5 

35 33 

j6 

01 36 

I.OUf. COSCC. s ~ 1 

l)'(UK) i^Sf) 

i 

i 0001 077 


0*001 334 


0*001 Of >5 


o‘i72 


1 o'D'S 841 


()*t79 730 


o‘iS 3 495 

l.oi;'. sin. s - y := 

(/tu;-, vD 

j 

0'()Ss 4.^.2 


9 ‘f >79 L 5 .S 


9*673 044 

V ,, S— S = 

</4o6 IcSj 


</4i6 S'?. 


9*1.29 419 


9-441 042 

Sum— l.ocT. tan.^ ^ J — 

i<)'270 .Nli; 


U)‘?7i) 213 

1 19*289 C3S 

19*299 18O 

„ ■ tan. ] A = 

y6..5 I is 


0 630 607 


9-044 819 


9649 593 


- 


.. 1 u 

- 

/ <t 

0 

• •! 

- 

2.^ 20 

54 1 

23 33 47 

23 

48 58 

24 

02 58 

A = 

40 4 1 

48 1 

47 07 34 

47 

37 56 

48 

05 56 

An pic R. M. and 








Star = 

221 58 

07 

221 31 33 

221 

01 14 

220 

33 50 

Azimuth cif R. M, 








from N. 

268 

_ 

55 j 

2()8 3() 07 j 

203 

39 10 

268 

39 46 


Example 3 - [IVhen the Time is known\ On the lotli May 1893 (Astro¬ 
nomical dat(‘i, in A. 19'’ zif c)/\ L. 93’ 34' 39"^ observations for azimuth were taken 
at 0 B 24 of xMain Circuit No. 1, District Basscin, with a 5" theodolite by Cooke 
and Sons. Lcni^th of line - 13*03 chains : Needle bearing ■— 214° 04' 00". True 
M. T. of observations : 7//. 5 i/y/. i is., 7//. 54;;/. 6 s,, 8//. 3/7/. 19^., and S/i. oyw. 15^., 
respectively. [Star : 1 \. A. — 5//. 51/;/. 406'. ; Dec. N. — 44° 56' 22".] 

Computation of Azimuth trom Star Observations when the Time is kno2vn. 


Station 

— 

0 R * 

!4 of M. c. No. I, 

© r. M of M. C. No 

• ^* 


Star, R. or W, 


1 

3 .Auriga*, R. 


A Aurigre, R. 



Date Ast, ... 


loth M.'iy J893. 


joth May 1893. 



I.f'cal S. T. of Obsu. 


h. 

ni. 

s. 

h. m. 

s. 


( 9 )- 

= 

11 

01 

3-5 

II 04 

28 


R. A, of .Star (u). 

= 

5 

51 

40 

5 ‘ 51 

40 


0—«((). ••• 


5 

09 

5 ^ 

5 12 

48 


t in Arc 

=; 

77" 

28' 

(If/' 

78'-' 12' 

00" 

A Rgf. 

Codatitude (y^ 

=; 

70 

33 

5S 

7 " 33 

58 


N, P. D. (A) 

= 

45 

03 

3 H 

45 03 

3 « 

\ / 

Log. lan. A 



lo'ooo 838 


KCOOf) 838 


w 

„ cos. t 

=; 


9*336 475 


9*310 0*85 


Y 

Sum = I.og. tan. 0 

= 

9*857 313 

y3n 523 

1 


— 

1 2'’ 

!()' 

00'' 

11" 34' 

45' 

1 

r—0 


58 

17 

58 

58 59 



Log. sin. {v — vO 

=: 


9029 830 


9*933 007 



„ cot. t 

= 


9 ‘ 34 ^^ 949 


9*319 961 



„ cosec. (jt 

= 


0*672 719 


o -(>97 405 



Sum=Log. cot. A 


9-949 498 

9 ' 95 o 373 
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0 

1 

// 

0 

, 

n 

.4 = 

48 

19 

47 

48 

LS 

59 

Angle R. M. and Star = 

72 

34 

40 

7 “ 

31 

40 

Azimuth of R. M. 
from N. = 

J 4 

U 

53 

24 

15 

D 


72. Problem XVI.— To dclcnnine the. direction of the meridian at a 
place^ by observations 0] a star at equal altitudes. 

Rule: Plant the theodolite over the .station of observation, at which the 
meridian is desirt'd to he laid down; put it carefiillv throiijj^h its temporary adjust¬ 
ments. Select a bright star in the eastern hemisphere, wliich will describe a 
good-si/ed arc during the night. Set vernier A of the horizontal platen to zero, and 
by means of the lower horizontal and vertical tangi'nt screws, intersect the star. 
Now release the igjpcr horizontal ( lamp, and turn the telescope to the westc^rn hemi¬ 
sphere, where allow it to remain until tin* same star descends to the same altitude 
on the other side of ihe meridian, when, getting into the field of the tehiscope, you 
follow it by the uppcT horizontal tangent screw until again intersected. Next, read 
vernier A of the horizontal plati^, which will be the arc the star lias described 
between the eastern and western observations. Now set vmnier A to half the 
above r(?ading, and the telescope will point in the direction of the (rue meridian.* 

7,T Projm.KM X\"II.— 1 0 find the latitude of a place, bv observations to a 
celestial object; the longitude of the place and the nh:ridian altitude of the object 
being kiumn. 

Rule: Correct the observed meridian altitudi* of the object (by Prob. XI or 
XII, Arts. 67—68). Subtract its true meridian altitude thus found from for 
its zenith distance, which mark N. or S. acccDrding as tlu^ zenith is north or south 
of the celestial object. Next look up for the object’s declination N. or S. (from 
the ‘ Nautical Almanac ’), correcting it for longitude in case the sun is the object 
observed. Then, if the zenith distance and declination be both north or both 
south, their sum will be the latitude sought, and of the same name; but if one be 
north and the other south, their dijj'erence will he the latitude, of the same name 
as the greater.! 

Example (i) : At a plac(^ in longitude 85° 35' E., the meridian altitude of the 
Slinks centre \ on the 31st December 1880 was observed to be S. 57*22' 20'^; find 
the latitude of the place. 

Observed altitude of Q’s centre 
Correction for refraction = — 37" | 

„ „ parallax + S" ) 


- 57° 22' 20" S. 

— — 00 32 


True altitude of sun 

Zenith distance — (90” — 57^’ 21' 48") 

Sun’s dec. 31st Deer. 1880 

(N.A.,'p. 11 ) S. 23 03 25 I 

Correction for long. ]{. 85*^ 35' f 

(= 5//. 42;;/. 20^.) = + 01 04 0 

Latitude required 


=57 21 48 S. 

23 04 29 s. 
== 9 .33 43 N. 


OBSERVATIONS. 

* The above method for findinec the mcridl.nn is simple, but very tedious, as the observer may have to 
sit up a t^'reat part cf the ni^ht waitini^ for the descent of the star. 

t Conversely, if the latitude of :i pl.'ire and the declination of a celesti.al object are J?iven, the meredian 
altitude may be found thus: Altitude (reckoned from S.) = codatitude — South Declination. 

— co-latitude -}- North Declination. 

If the result l.sin excess of 90’, subtract it from 180'’ to <ibtain the altitude from the N. side 

Or, Altitude (reckoned from N.) = 90' + latitude — North Declination. 

= 90"+ latitude + South Declination, 

I If the upper or lower limb of the sun v/as only observed, the correction for semi-diameter would ako 
have to be applied to the ol)Scr\ed altitude. 

§ Dec. 30th Deer. = 2;V’ 07' 54" . 

„ „ = 23 03 25 

Diff. in 24 hours = 04.' 29" = 269" 

Diff. for 5 /i. ^2m. 20s, (corresponding to long, 85® 35') = 64", 
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Example (2): At a place in lon«[itnde 90"^ 30' E., the meridian altitude 
of Sirius (a Canis Majoris), on the 15th May, i8cSo, was observed to be S. 24'' 56' 
30'"; find the latitudi^ of the place of observation. 

Observed altitude of star ... ... — 24*^ 56' 30" S. 

Correction for refraction ... ... ~ — 02 04 

True altitude of star --24 54 26 S. 

Zenith distance “(qo""—24*^ 54' 26") — 65 05 34 N. 

Star’s Dec. 15th May 1880 (N.A. App. places) ^^16 33 19 S. 

Latitude required = 48 32 15 N. 


Notr^—'Tojliid t!u' latitujr hy obsrrvaiions of tJif t^so nuridiafi altUuchs of a circumfolar star. (Sfr 
Fig. 480). Lot Z ho the zcnitli, P tlic pole, )I0 the hori;?on, .'ind n iho .illitude IK) of a star .at its 
upper transit, the altitude Ut) of the same star at its lower transit; then, PO =5 (UO-f 00), or, iat = 

I (a -f /■{). In tliis method no previous know ledge of the sUr s declination is required. The observed altitudes 
must be corrected for refraction, 

74. Frohlem XVlll,— 7 b /latl ///e la/tl/tde 0/a place hy observations of 
the pole star (Polaris) out of the meruUati ; the longitude of the place^ the time 
of observatwn^ and the alti/nde of the star being knoivn.^ 

Rule ; 1st. From tlie corrected allitiidc (?>., the observed altitude corrected 
for refraction, by Prob. XII, Art. 68) subtract 

27 td* Reduce the mean time of observation at the place to the correspond¬ 
ing sidereal time (by Prob. Y, Art. 6i). 

^rd. Witli this sidereal time take out the first correct ton from Table I of 
the N.A., Tables of corrections) with its proper sign. If the sign be +, the 
correction must be added to th(^ reduced altitude; but if it be—, it must be 
subtracted \ the result will give an approximate latitude, 

4th. With this approximate latitiuh' and sidereal time of observation, take 
out (from Table II of the N.A., d'ables of corrections) the second correction ; and 
with the day of the month and the same .sidereal time, take out (fromTable III of 
the N.A., Tables of corrections) the third correction. These two corrections 
added to the approximate latitude, will give the latitude of the place. 

Example (i) : On 6th March 1880, in longitiKh? 37^W.,at 7//. 43;;?. 35.s'. P.M. 
mean civil time, the altitude of the Poh* Star (Polaris) when corrected for refrac¬ 
tion, is 46^ 17' 28". Required the latitude of the place. 

Mean time = 7//. 43^;/. 35s. 

Diff. long. \V. (37°) in time — + 2 28 00 

Greenwich mean time = 10 ii 35 

Sidereal time at Greenwich mean noon (N. A., 

Table II). = 22//. 58;;/. 23^. 

Sidereal time corresponding to mean time 
at place = 7//. 43;;/. 35.V. (mean time) 

T \m. 415. (acceleration for 10//. I2 /;l) = 7 45 16 

Sidereal time of observation = 6 43 39 


Corrected altitude 
Subtract 


O i /t 

46 17 28 

01 00 


Reduced altitude 

With Argument f 6//. 43W. 395., First correction 


46 16 28 

— o 10 54 


OBSERVATIONS. 

♦ This Is of course only Applicable to nortbern latitiidcs. In the southern hemisphere there is no star 
sufficiently near to the south pole to be mnde av.'tibble in thus determining the l.ntitude. If the altitude 
of the pole star c.an be taken when on the meridian, its polar distance added to the altitude, if the star is below 
the pole, or subtracted therefrom, if above the p< Ic, will gi\eal once the latitude of the place of observation. 

tThe argument of a table is the known quaniity which serves to determine the value of some depen¬ 
dent function. 
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Approximate latitude 

Arguments^ 46 17 | Second correction 

6 //. 44 '/^ 3 

Arguments, 6th March iSSo “j correction 

bh. 4401.) 

Latitude of the place ... 


o 

/ 

// 

46 

05 

34 

+ 

00 

58 

+ 

01 

22 

46 

07 

54 N. 


Example (2) : Observations for latitude taken at © D 12, in Labutla circle, 
Bassein District, on I3tli January 1893, with Troui^hton and Simms’ 6" Transit, 
No. 817. 

Computation of Latitude from Ohscf rations of Poiaris out of the Meridian 


Station 



0 D 12 


Dale Ast. 

= 

13th January 1S93. 

Long, in Arc 


0 

9 + 

/ 

50 

u 

0 > 



h 

in 

.T 

Mean of Clir. Times 


7 

44 

53 

Error of Chronometer 

= 

— 

10 

21 

Local Mean Time (L.M.T.) ... 

:z: 

7 

34 

3 * 

Long, in lime 

= 

— 6 

19 

20 

Greenwich Mean Time (G.M.T.) (a) 

= 

1 

15 

12 

S. T. at Gr. Mean Noon 


19 

3 ^ 

4 S 

Local Mean Time 

= 

7 

34 

32 

Acceleration for (<<) 

= 


00 

12 

S. T. of Observation 


3 

07 

29 

Mean Altitude 

- 

17 

1 

I') 

11 

Refraction 


— 

^>3 

05 

(Constant) 

= 

— 

01 

00 

Reduced Altitude ... 

=: 

17 

15 

06 

First Correction ... 


— I 

07 

3 « 

Second Correction .. ... 

= 

•f 

00 

02 

Third Correction ... 


-f 

01 

27 

Latitude 

= 

16 

07 

57 


75. PROBLr:M XIX.— To find the true mean time at a place by a meridian 
observation op a celestial object ; * the latitude and longitude oj theplacCj and the 
altitude of the object being kuozen. 

Rule: By a starChooset a bright star for observation and calculate the 
mean civil time of transit by (Prob. IX, Art. 65) ; also the meridian altitude (by 

S 1) ^1' 

the formula: “ All.= ro-lat. “ ”, at the footnote to Prob. XVII, Art. 73). 

Set the telescope of the theodolite at the computed altitude in the plane of 
the meridian, and note the watch time at the instant the star crosses the vertical 
wire of the telescope. The difference of the watch time, if any, from the com¬ 
puted time of transit is its error,/(/s/ or slow, according as it reads in excess or 
defect of transit time. 

By the sun : About a quarter of an hour before noon set the telescope in the 
meridian of the place, and observe the sun; noting the watch lime at the instant 
the western limb touches, and the eastern limb leaves, the vertical wire of the 
telescope.t The mean of these two readings is the apparent time of the sun’s 


OBSERVATIONS. 

* When a celestial object is on the meridian of the observer, its Rij^ht Ascension is the same as the 
sidereal time of its transit. 

t In (Fig. 437) are shown the various positions, in observations for time and azimuth, that the sun 
would occupy witlun a telescope provided with an inverting oxe-picce. F and 1/ rej^resent the lo'ivtY limb 
in contact with the horizontal wire, and the hft .and ripit limbs rt'sj)ectively in contact with the cross-wires. 
Similarly, U and U' show the c< ntacts of tl.c upper limb with the horizontal wiie, and \.\\Q right and left 
limbs respectively with the cr( ss-wires. In observing for lime, the lower and upper limbs of the sun are 
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transit, which must bL‘ converted into mean time, by applyinfj to it the equation 
of time (given in Table XX, Calculating Tables,” 5th edition). 

Example.'. On the 17th June 1880, at a place in latitude 2^) 52' N., longi¬ 
tude 29° 52' E., the K.A. of Arcturnsiii Bootis) was 14’’- lo"’’ 14“', declination 
— 19'' 4S' 20" N., and sidereal time of mean noon 44'"‘ 28"- ; find the mean 

civil time of transit. 

R. A. of star (N.A,, App, places) ... — 14*'* 10"'* 14"* 

Sidereal time of mean noon, 17th June i88uA 
(N.A.^p. II) --s’'* 44-28^* 

Correctn. for long. E. — 

29*87'^ X o'- —657 — — 20 



Sidereal time of star’s transit 
Corresponding mean civil time of ditto. 

I by Table XXXVII, “ Calculating 
( 'Fables,” 5th edition. 

Co-lat. ... ... -- 60“ 08' 

Dec. N. ... ... — + 19 48 



8 26 06 

gh. 24 '^* 43‘^-p.M. 


Altitude of star S. of zenith — 79 56 20 


Now set the telescope in the plane of the meridian of the place looking .south, 
at an altitude of 79'" 56' and suppose that at tlie instant the star crossed the 
vertical wire of the tedescope the watch indicattid 8''- 39"'’ i6'' P.M. ; then the error 
of the watch would be thus found :— 

Calculated civil time of star’s transit ... —= 8’’* 24'"* 43** 

Time shown by watch at ,, „ ... — 8 39 16 

Error of watch, ... = o 14 33 


76. Proibi.eM XX.— To find /he true mean time at a place hy observation 
of a celestial ohjccl out of the meridian ; the latitude and longitude of the place^ 
approximate tinie of ohservation^ and altitude of the object being knoivn, (Eig, 437.) 

Rule : By the sun :— ist. Observe*, on both faces of the theodolite, the alti¬ 
tude of the sun’s upper limb first and then the lower, if the sun is on the east of 
the meridian and ascending ; but if on the west and descending, observe First the 
lower limb and then the upper,Note the precise watch times of observation. 
Then take tin; mean of all the observations for ihc mean altitude of the sun’s 
centre, and the mean of all the recorded times for the mean time of observation, 
as shown by the watch. 

2nd. Correct the observ(;d altilude for refraction and prrrallax (given in Tables 
XXXVIII and XXXIX, “ Calculating 'Fables,” 5th edition) for the true altitude, 
which subtract from 90'^ to g('t the zenith distance. 

jrd. Obtain the sun’s declination at (ircenwich (from the ^Nautical 
Almanac ’) for the given date, correcting for difference of longitude and time of 
ob.servation. From this corrected declination obtain the north polar distance 
(by Prob. X, Art. 66.) 

OU.‘*BRV\TI 0 NS. 

taken, and for azimuth the left .'inil ri.s^ht limbs; in the latter case, if in ascent, the left limb was first 
observed then the right; in descent the right limb would be first taken then the left, and vicn versd; 
if only one of the limbs and not tl\e other were observed to, whether in ascent or descent, an angular error, 
equal to the sun’s semi-diamcter, would be engcmlerctl. Where the observations are for both time and 
azimuth, by means of the vertical and horizontal tangent-screws place the disc of the sun, whether ascending 
or descending, in each of the opposite qn.idrants of the di.iphr.agm so that its limb may touch the Vcitical and 
horizontal wires; then read and rec rd the horizontal and verticrd verniers, noting the times of conUct with a 
watch ; next change f.ice .and repeat the observations; the moan of the horizontal readings of the sun would 
represent the mean bearing (where zero was set to north) of its ccnlte and the mean of the vertical readings the 
mc.an elevation of the centre The Moon is similarly observed to the sun, but in place of the dark glass used 
for the latter to piotcct the eye against its rays, a bull’s-eye lamp is employed to illuminate the wires of the 
telescope (by directing the ray of lii»ht on the object glass .it an angle to the optical axis so as to give suffi¬ 
cient illumination without obsl meting the line of sight or obscuring the celestial object), which would not 
otherwise be visible. The same method of obst rvation is employed in the case of a star, except that, as it 
has no limb or semi-diameter owing to its distance, it can be at once placed in the intersection of the wires. 

♦ See t on previous page. 
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4th. Subtract the ^^Ivcn latitude of th(‘ plac(‘ from 90"^, for the co-latitude. 

5///. Add the Zenith distance^, north polar distance, and tin* co-latitude 
together, and take half tin* sum, of which find the' log. co-secant. Diminish the 
half sum. 

1st, by the zenith distance, and find its log^ co-secant; 

2nd, by the north polar distance, and find its log. sine; 

^rd, by the co-latitude, and find its log. sine. 

6tlL Add the two log. co-secants (omitting 10 from the ind(‘X of each), and 
the two log sines above mentioned together, and divide the sum by 2 for the log. 
tangent of an arc, which being found and doubled, will furnish the surfs hour 
angle at the time of observation. 

ph. Convert the hour angh' * which is in space into, time (by Table XXXIV, 
‘^Calculating Tabh'S,” 5tli edition), and to this result apply th(i (*qualion of time 
(taken from Table XX, “ Calculating Tables,” 5th edition, or from the N.A., 
p. 1) for the mean time of observation. 

8th. The watch time of observation must now b(‘ compared with the mean 
computed time, and the difference will be the error of tlu‘ watch, or shnv. 

By a star :— ist. Observe, on both faces of the theodolit(‘, the altitude of 
the star, whether it b(‘ on the east or west of the nuTidian. Note th(‘ precise 
watch times of observation. Then take the mean ol all tlu^ observations for the 
mean altitude of the star, and the mean of all the recorded times for the mean 
time of observation as shown by the watch. 

2nd. Correct the observed allitudo for refraction (given in Table XXXVTII, 
“ Calculating Tables,” 5th edition), for the true altitude, which subtract from 90° 
for the zenith distance. 

3rd. Obtain the star’s declination (from the ‘ Nautical Almanac*) for th(i 
given date; and from it obtain the north polar distance (by IVob. X, Art. 66). 

4th, Sth and 6th. (Same as for sun.) 

ph. Convert the hour angle t which is in spaci* into time (by Table XXXIV, 
“ Calculating dables,” 5th edition), and add the result to the star’s right ascen¬ 
sion, if the observation be made to the ':^)cst of the meridian, or subtract \\. from the 
star’s right ascension (increased by 24 hours, if necessary), if the observation be 
made to the east of the meridian. This will give the sidereal time of tlie observation, 
which converted into mean solar lime \hy Prob. \T, Art. 62) will ho the mean 
time of the observation. 

Sth. (Same as for sun.) 


SrECIMEN OF FlRI.D-liOOK. 


Example (i)\ Afternoon angles taken at Taungshun with T and S.’s 
Theod., on the 22nd January 1880, by ]. C. C. 


Lat. = 

Long, (arc) = 
„ (time) = 


14^^ 14 57" N. 
98 09 36 E. 
6'- 32”‘-38‘- 


Aspect of object^c wi c 
observed. of meridian. 


Object observed. 




Vlrtu:.\l Vernier.s. 


Observed watch 
times. 

Face. 


A. 


B. 

Mean. 


©*s Lower Limb 

L 

1 0 

26 

23 

20 

r It 

22 50 

26 2 Z 

05 j 

H. M. s. 

4 28 25 

O’s Upper „ 


’ • 2O 

23 

20 

22 50 

26 23 

^'5 

4 30 55 

©’s Lower „ 

R 

-55 

32 

20 ! 

1 

1 3 * 50 

25 32 


4 33 *6 

©*s Upper „ 


25 

33 

1 

20 

' 31 50 

25 32 

‘>5 

4 35 45 


OBSERV.\TlONS. 

When the sun is the object observed, the hour angle is the apparent time for apparent noon at the 
place of observation. 

t When a star is the object obsiived, the hour angle is its distance in time from the meridian. 
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Mean observed altitude ... = 25° 57' 35" 

,, time ... = 4//. yirn. 


24s 


Compntatiou. 

Mean observed altitude ... ... — 25‘^57\35" 

Refraction and parallax = —01' 59" + 08" “ — ^151 

True altitude ... ... ... — 25 55 44 


Zenith distance — (90° — 25° 55' 44") = 64° 04' 16" 

North polar distance = (90 + 19 46 03)*— 109 46 03 
Co-latitude -- (90 —14 14 57) =- 75 45 03 

Sum ... ... ... = 249 35 22 

Half sum ... ... ... 124 47 41 , Cosec.= 0*085 550 


Half sum—zenith distance 
Half sum—north polar distance 
Half sum—co-latitude 


60° 43' 35 ") Cosec. 0 059 348 
15 01 38 , Sin. =-9 413 765 
49 02 38 , Sin. —9*878 069 


2)>9'436 732 


Half the hour angle 


27° 36' 08", Tan. =9*718 366 
2 - 


Hour angle in space ... 55 12 16 


.*. Hour angle In (apparent) time ... =3/^. 40;;/. 49^. 

Mean time of apparent noon (N.A., p. 1, 
corrected) ... ... ... ~ + 11 44 


Mean time of observation ... ... — 352 33 

Watch „ „ „ ... ... 4 32 05 


Error of watch, fast 


o 39 32 


Example (:?): [^Another method ).—Observations for Time taken at Labutta station, 
Bassein District, on the 13th January 1893. (Star’s R.A.—6^^* 40”’* 27'*and Dec. 
S.= i6^ 34' o(f\vide N.A.) 

Computation of Time from Single AUitudet. 

o r It 

f Latitude N. ... = 16 10 30 

Lonjjitude (arc) ... — 04 50 00 

„ (time) ... = 6 19 20 

Date of Observation = 13th JanUciry 1893 ••• •• Approximate time ... = 7 *3 

of Observation 

Object observed = a Canis Majoris (Sirius) ... ... Aspect of Object = E. of Meri- 

observed dian. 

Instruments used : T. and S.’s I'heod. (Transit) No. 812, Chronometer No. (Watch) 720. 

o t ft 

Observed Apparent Zenith Distance ... ... ... ,,, ... = 65 02 50 

Correction for Refraction (and Parallax in case f othe Sun) ... ... ... = + 02 05 


True Zenith Distance or (a) ... ... ... ... ... ... = 65 o 4 55 


OBSERVATION. 

♦ Given watch time = 4A. 32w. 05^. p.m., 22nd January. 
Longitude R., in time = 6 33 38 


Greenwich time = 2/i. 00;;/. 33J. before noon = 21/1. SQwi. 27j., 21st January, for which declina* 

tion has been calculated. 
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I.og. .Sin. (b) 

= 99S2 459 

Zenitli Distance 

... 0) = 

65 

04 

ss 

Log. Sill, (c) 

= go8i 581 

Cfidalitudc 

.. (b) = 

73 

40 

30 



N. P. Distance 

(c) = 

106 

.34 

09 

Log. Sum 

= 1-964 040 

Sum 

... (.ip) = 

2kS 

28 

34 

Ar. Co. Log. Sum 

= 0035 960 




-- — 

— 

Log. Sin. (p—b) 

= 9*877 206 

1 Sum 

... (p) = 

122 

44 

»7 

l.oi'. Sin. (p—c) 

= 9M44 778 


(p— d) — 

48 

54 

47 




(p— c) = 

16 

10 

oS 

II 

= 19 357 944 


p = 

Hour Angle 


Log. Sin. |P. 

= l9'b78 97* 


\ P in arc... = 

28 

1 

31 

20 


h. in. s. 


P in arc... — 

57 

02 

4.> 

In time ... 

= *—3 48 11 


Star’s Right Ascension (or, in ease of (he Sun, Equation of Time) 

True Local Sidereal Time of Obser\atl'jn 
True Sidereal Time at Local Mean Noon 

Sidereal Interval from Mean Noon 

Corresponding Mean Interval, /.(?., True M. T. of Observation 
Chronometer Time of Observation ... 

Chronometer Error ^5 Iq^y — } 

Daily rale brought up from 


Notf..— P in lime is + when Star is ‘-f the Meridian ; in rase of Sun when observed E. of the 
Meridian 12 in time must be enlercd at * 


Example (j): 

(The subject of 1 

lixaijiple 2 computt'd 

by ibc 

nictbod in 

Example i.) 









Lomputaiion. 



1 . 1). 

... (a) = 

65 

<’4 

55 



N. P. D. 

(c) = 

loO 

34 

(.9 



Co-lat. 

... (b) = 

73 

49 

.V 



Sum 

... (2P) = 

245 

28 

34 



1 Sum 

... (P) = 

122 

44 

17 , Cosec. 

= 

0-075 


(p-a) = 

57 

.'9 

22 , Cosre. 

.. zz 

(.•073 J19 


(p--c) ^ 

16 

10 

08 , Sin. 

. = 

9-444 77« 


(p-b) = 

48 

54 

47 , Sin. 


9-877 206 







2) 19-470 329 

1 Hour L 

= 

28 

3t 

20 , Tan. 

2 

= 

9-735 ">4 

Hour L in space 


57 

02 

40 





//. 

m. 

5 . 



Hour L in time 

= 

—3 

48 

11 



Star’s R. A. 

= 

6 

40 

37 



Sidereal time of Observation = 

2 

52 

16 



Corresponding Mean solar time of = 

7 

19 

2it 



Observation 







Chronometer Time of Observation — 

7 

23 

17 



Chronometer error, fast 

= 

+ 

ot 

56 




= 6 

40 

27 

= 2 

52 

16 

= 19 

31 

43 

= 7 

20 

33 

= 7 

>9 

21 

= 7 

23 

17 

= + 

«3 

56 


Gaining-t- 
Losing — ... 


OBSERVATION. 




A. 

m. 

s. 

at prtcedin}^ sidereal noon, namely, Jan. 13 

... 

... = 4 

26 

31*1 

Correction for long. E. =: 94 83 X 0-6551 = 62* P 

... 

... = + 

01 

()2’I 

Ju m. s. 

For 2 52 16 Sidereal time, equivalent mean solar time 

Sum 

... = 4 

27 

33*3 

... 

... = 2 

51 

00 

Mean solar time required 

... 

- = 7.. 

19 

21*0 
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77. Problem XXI.— To find the time and the latitude simultaneously by 
ex-me/idian observations .* 

First Method. 

(i) Latitude —By simultaneous altitudes of two known stars. 

I —When there is only one observer lie may proceed as follows:— 

lake the altitude of the first Star, S,, then Ihc altitude of the second Star, S3, and 
again the altitude of .S, , noting the corresponding times. During the few minutes that this 
will occupy the changes of altitude mav be suptiosed uniform, and therefore the altitude of 
S* corresponding to the instant of the observecl altiudc of S.> can be found.] 

Let tx and be the true zenith distances of the two stars. 

AI and A 2 be the true north polar „ „ „ 

d ,, „ difference of right ascension, 

and put tan. x = tan. Ai t^os. d, 

^ cos. A. cos. {/S,—x) 


cos. 


tan. 


cos. X. 

sin. (A. + A“7)- sin- a' (A» + 


^ sin. i (A= + A—J')- sin. i (A. + jV—A.) 


tan. J 


J 


sin. 


4 (Ci + i:._—;')• sin^4 

sin. 4 {I, ++/)-sin- 4 (^. + y—Q 

U ~ 2 —; 

sin. A, ) 

cos. 0 

tan. 0 = tan. Ai cos. u; 

sin. sin. u. 


tlicn 
where 

and sin. (hour angle “ t) = 


cos. A. 


The values of the cpiantitics y and jy may be tabulated for certain pairs of 
stars and much labour saved. 

The mo.st favourable condition of observation will be when the verticals of the 
two bodies are on the same side of the meridian and equally inclined to the prime 
vertical, the difference of the azimuths being near 90^ if possible. 

FxamJ>le :—'l'he altitudc^s of a Persei and ji Orionis (at a place in longitude 
77” 54' E.) on the iith Apiil 1893, were found to be respectively 29° 41' 5^'^ 

28” ii'So,'' both stars being W. of meridian, and the clock time of observation was 
8//. 29;;/. 33^. 

a Persei. /3 Orionis. 

Observed altitude ... ... 29" 41' 51'^ 28'^ 11' 50" 

Refraction (corrected for Bar. and 
Ther.) ... ... — 01 28 — 01 34 


True altitude ... 

«.. 

29 

40 

23 

28 

10 

16 

True zenith distance = 


60 

'9 

37 

== 61 

49 

44 




h. 

7 ) 1 . 

S. 

h. 

771 . 


R. A. ... 

... 

... 

3 

16 

39 

5 

09 

23 

N.P. 0.(90° 

Dec. N.)— see 

N.A. 




= 98° 



-A.- 

— 

40" 

3 ''05" A. 

' 9 ' 

33 " 







h. 

771 . 


Difference of R. A. ... 

... 



= d 

= 1 

52 

44 






in arc 

=28° 

1 l' 

00" 

)) 0 

Log. tan. A 

. ^ 1-931776 

Log. 

COS, 

A. 

= 1880929 

,, cos. d 

i '945 '93 


cos. 

(A. 

-X) 

1-681 I 

90 


}) 

sec. 

X 


= 0097599 

„ tan. X 

= i 876 969 








X 

= 36° 59' 27” 

i} 

cos. 

y 


= 1-6597 

18 


= 61 19 06 



y 


= 62° 

49 

ii" 


OBSERVATION. 

♦ Rc-worked from “Auxiliary Tables.” 
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A. 

A. 

y 


98° 19' 33" 

40 3 « 05 
62 49 II 


L., 

r. 

y 


61° 49' 44" 
60 19 37 
62 49 II 


Sum = 2i = 201 39 49 Suni = 2s= 184 58 32 


^ =100 49 55 cosec. o'oo’j 808 5 

5— Ai “ 2 30 22 ,, i'. 3 S 9 263 5—- 


i— /\, = 60 18 50 L. sin. 
s—y = 38 00 44 ,, 


i'938 896 s—t, 
i.789 460 s—y 


= 92 29 16 L. coscc. 0 000 409 

^ 30 39 32 0-292 493 

= 32 09 39 L. sin. 1-726 145 

= 29 40 05 „ i-694 585 


Sum 


L. tan. 
L. tan 


a 1 rv 
ii 

1 ^ 
11 

X ^ 

o »J 


L. tan. Ai 
,, cos. 74 


1095 427 

= 0-547 7*4 
= 74" 10' 52" 

= 148^ 21' 44" 
u --- 3 — w — 76"* 55' 08" 


L. tan.**^ w = 


L. tan. 


tan. 0 
0 

i:s — o 

L. cos. — 0 ) 
„ cos. Ai 
,, sec. 0 


Sum 


L. sin. A 
X 

(ii) Twie — 

L. sin. 

„ sin. u 
„ sec. X 

Sum=L, sin. /. 

/ in arc 


/ in time 

R. A. of a Peresi 

S. T. of observation 
Clock time of ,, 

Error of clock 


71 / V- 

7V ^ 

w ■ - 


1-713632 
i-856 816 

35 ° 43 ' '8" 
71° 26' 36" 


... i-931 776 

'•354 742 

... i-286 518 

... 10° 56'51" 

... 49 22 46 
... 1-813612 

... i'88o 929 

... 0-007 976 

... i '702 5'7 
... 30° 16' 18" 

... i-938 952 

... i’988 582 

... 0-063 665 


1-991 199 


... 78° 30' 14" 

h. m. s. 

... 5 >4 01 
... 3 39 


... 8 30 40 
... 8 29 33 


— o 01 07 


Second Method. 

By two observations of the altitude of a star and the elapsed time. This is 
the same problem as the foregoing : the elapsed S. T. reduced to arc will give d 

Here sin.' | sin. A sin. , 
cot. i z — cos. A tan. ■'; 
and the remainder of the solution will be as before. 

The same solution will apply to two altitudes of the sun and the elapsed 
time, provided this elapsed interval be reckoned in mean time.* The declination 
of the sun may be considered constant. 


OBSERVATION. 

* Though this is not rigorous, it is sufficiently correct for all practical purposes, the change in interval 
due to equation of time being too small to be worth notice. It should be noticed that the formulae above 
given are applicable to north latitude only. 
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78. Longitude* expi.ainrd, with methods of determinatio.v. 
(Figs. 477, 488—489^}). Av.'irioty of methods arc employed for determining the 
longitude of a place, but almost all of them depend upon one general, principle— 
namely, the comparison of the relative* times under two different meridians ; so that, if 
the time under a given meridian be known, and also the time under any other 
meridian, the difference of these times turned into degrees and minutes, in the 
proportion of 15 degrees to i hour, will be the difference of longitude between the 
two meridians. For, as the sun apparenth moves round the earth, from east to 
west, in 24 hours, or over an arc of 15 degrees of the equator in one hour of time, 
all places lying to the eastward of any m -ridian, will have noon sooner—or, if to the 
westward, later—by as much time as the sun takes to pass from the meridian of one 
place to the meridian of the other ; hence, if the time at the meridian of Greenwich 
(from whence the longitude is reckoned), and of .any other place, at the same 
moment of absolute time, bo given, its longitude from (Greenwich ni;ry be inferred 
by reducing the difference of tinu's into degrees and minuti's, in the proportion of 
15 degrees of longitude to i hour of time : moreover, if the time at the place be 
greater than that at Greenwich, its longitude will be laist; but if less, it will be west. 
Thus, suppose it is ascertained that the time at Greenwich, is two hours past noon, 
when it is just noon at a certain place, it will thence appear that the longitude of 
the place is 30 degrees west of the meridian of Greenwich, because the sun passes 
over 30 degrees of the equator in two hours of time ; and having left the meridian 
of Greenwich two hours since, the said place must conse quently be to the westward 
of that meridian. If the time <at the place in question be assumed to bt? four hours 
past noon at 2 P.M., G. T., its longitude would be 30 degrees east of Greenwich ; 
for the sun, in this case, would have passed the meridian of the place two hours 
before it passed that of Greenwich. 

Now, the time at any given meridian may bo easily computt'd by an altitude 
of the sun or a star, taken when distant from the meridian, or from observation.s 
of the sun when at equal altitudes ; and the time at Greenwich may be ascertained 
by moans of a time-keeper, such as a good watch or chronometer whose error and 
rate are known, or by various astronomical observ.ations. With respect to the 
first of these, it is obvious that, if a clock or watch could be so constructed as (o 
go uniformly in all seasons and at all places, such a machine being once set to the 
lime at Greenwich would always show the real time; at Greenwich, in whatever part 
of the earth it might be ; and, therefore, when the time undi;r any other meridian 
was found, and compared witli that shown by the time-keeper, the longitude of the 
place from Greenwich would be readily obtained. To effect this purpose several 
ingenious artists have exerted their abilities, and have brought time-keepers to an 
astonishing degree of perfection ; whereby they have become a valuable acquisition 
in determining the difference of longitude made in short periods : however, consider¬ 
ing the delicacy of their construction, and the various accidents to rvhich they are 
liable, an implicit confidence ought not to be placed in them, particularly during 
long journeys ; but recourse should be had to astronomical observations, whenever 
opportunities present themselves. The various astronomical methods of determin¬ 
ing the longitude depend likewise upon the above-mentioned general principle; for, 
by ob,scrving the time at the meridian of a givi n place when any celestial appear¬ 
ance happens, and comparing the same with the time at Greenwich, shown by 
the ‘ Nautical Almanac,’f their difference, reduced to degrees and minutes, gives 
the longitude as before. Suppose, for instance, that an eclipse of the moon should 
be observed at a certain place to begin at midnight, and that by the Almanac the 
time at Greenwich, when the eclipse commenced, was three hours past midnight; 
now. as the commencement of the eclipse must be seen at the same moment of 
absolute time in all parts where it is visible, the difference between the time at the 
place of the observer and that of Greenwich, which is three hours, and answers to 

OBSERVATIONS. 

♦ Partly from Noric’s^Navij^ation,” and partly from the “ Hints to Travellers.** 

t This excellent and most useful work, so essential to the astronomer, .surveyor, and navigator, is pub* 
lishcd annually, by order of the Lords Commissioners of the Admiralty, gcncra'ly four years forward, and is 
computed for the meridian of the Royal Observatory at Greenwich. It wasorj^inally constructed and Issued 
(in 1769) under the immediate supervision of the then Astronomer Royal, Dr. Maskelyne, but in recent years 
it has been much improved and enlarged. 
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45 degrees, must be the longitude of the place ; and it is evidently west, because 
the time at the plac(^ is less than the time at Greenwich. Upon the same princi¬ 
ple the eclipses of Jiipiti^r’s sat(‘llit('S will give the longitude. But eclipses of the 
moon happen loo seldom to be of much use to the ordinary observer and the 
satellites of Jupiter are visible only througli a telescope of considerable magnifying 
power.* The mo.st practical method of finding the longitude, by celestial observa¬ 
tions, is that of measuring the angular distance between the moon and sun, or the 
moon and ciTtain stars, near the ecliptic, usually called a lunar observation. The 
moon describes e\ cry month an orbit round the earth from west to ('ast, at the dis¬ 
tance of about 240,000 miles ; in appearance it moves on the c(‘lestial concave in a 
curved lin(‘, near the ecliptic or apparent orbit of the sun. It moves faster than the 
sun from west to east, by about a degree and a half in three hours. Supposing it 
to be at the distance of from about 30° to 120° from the sun, cither west or east of 
it, the two bodies are frequently enabled to be seen above the horizon at the same 
time. When this is the case, the distance of two bodies may be observed with a 
sextant and thence the correct distance of the ir centres, as seem from the earth’s 
centre, which is called their true distance, may be computed. And from this 
true distance, with the help of the ‘ Nautical Almanac,’* wherein the true distance 
(within certain limits) is put down for every third hour, Greenwich apparent time 
may be easily determined. In favourable weather distances may be taken at all 
times, when the objects are more than four or five degrees above the horizon, 
except about the time of new moon ; and as the moon’s daily motion is about 13 
degrees, or at the rate of 1 minute of a degree in 2 minutes of time, if her true angular 
distance from the sun or a star can be ascertained within 30 seconds of a degree, the 
corresponding time at Greenwich will be known within i miiiuti.'of time, and hence 
the longitude within 15 minutes of a degree. To facilitate this important problem, 
the true angular distances of the moon from the sun, ora iixed star,t ar(^ set down 
in the ‘ Nautical Almanac ’ for the beginning of evo ry third hour of Greenwich time ; 
and the time answering to any intermediate distance may be found by propor¬ 
tional parts : hence, the distance* bet ween tin sti objcM'ts being taken with a sextant 
and the corresponding time at Greeiuvich found by the Almanac, and compared 
with the time at the place, their difference will be the longitude of the place of 
observation. But before the observ(‘d distance is compared with those in the 
Almanac, it must be corrected, In order to find the true distance ; for, by the com¬ 
bined effects of parallax and refraction, the moon is ahvays seen low(*r than its 
true place,J and the sun or star higher: hence the true distance is almost always 
greater or less than the observed. 

With these preliminary remarks, the manner of determining the longitude 
by the following three methods only may be proceeded with, namely*, (i) by 
meridian distance, (ii) by the occultation of a star, and (iii) by lunar obser¬ 
vations. 

(i) By Meridian Distance. 

As before stated, the difference of longitude of two peaces is the difference of 
time between them at the same instant. If, therefore, the time at one place can 

OBSERVATIONS. 

* N.B, —The tables of I^unar Distances are omitted in Nautical Almanacs frc-in 1907 ; but examples 
of the method of calculatinj? Lunar Distances are "iven, under (iii) Lunar Observations in Art. 78. 

t The stars used in the 'Nautical Almanac ' (pa.i^cs XIII to XVIII for the above purpnscs are, a Arietis 
(R. A —2’‘ ; Dec.-—22'’ N.) a, Tauri (Al(lcbaran: R. A.—.p‘ J Dec.=iO'’ 18' N.), Geminoriim 

(Pollux i R. A.—7*‘ Dec. 28'" iTV N ) u Leonis (Roijuliis; R A«=lo’' 03’"; Dec. 12° 28' N.), a Virginis 
(Spica: 13^ 20"^; Dec. 10'^ 38' S.) a Scorpii (•Antarcs: R. A.= i6’‘ 23’" ; Dec, 26'^ 12' S.) a Aquilne (Altair! 
R.A.^19^ 46"’; Dec. 8“ 36' N.), « Piscis Austr.alis (Fornalhaut: R. A,—22*^ 52’’^, Dec, 30"’ 10' S.\ and 
a Pe^asi (Markab : R. A. 23^‘ oo‘" ; Dec. 14"" 40' N). As a knowledge of these stars is of great importance to 
the observer, their positions in the celestial maps (?cc Figs. 488 and 481)) cont.aining them should be studied, 
and in order that they may be the more re.adily known, the maps should likewise he compared with the 
heavens. 

t This is due to the moon’s h' rizontal parall.ax being considerable : it averages about 57', while that 
of the sun .averages rnly about 9"; the mean atmospherical refraction at the horizon is about 34'; the 

correction for is always . in respect to the altitude; thus, the correction for the would 

~(rcfracUon^*P'»rH^^^ Fixed stars have pnclically no sensible parallax, th( ugh that of several stars has 
been ascertained but is small, the largest not even amounting to 1". The avcr.^ge horizontal parallaxes 
of the planets Mercury, Venus, Mars, Jupiter and Saturn are about 10", 19", 13", 2 ", and 1", respectively. 
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be transported, by means of a watch, to another place, and the true time obtained 
at that second place, the differi'nce of those limes is the difference of longitude 
between the two places. This is accomplished in practice, by finding the errors 
of the watch or chronometer at the two places, either by absolute, or equal alti¬ 
tudes, and the rate, in any case at one of them, though it is better to find it at 
both, and take the mean. The difference of longitude is then thus found:— 


H, M, «. 

Error of Watch at Mombassi, 8 v.m,, 14th i f July 2 iS 32 slow, 

II II ,» 9 \.M., 20th „ ... 2 17 14 „ 


Interval 6*04 days. Difference = 

01 18 

6-04) 

7S 

Daity rate = 

12*01 gaininjj. 

11. 

M, s. 

Error of Walcli at Taveta, 4 p.m., July 25th 2 

o 3 05 slow. 

II 11 11 8 A.M., July 30th ... 2 

‘•6 48 „ 

Interval 1*67 days. Difference »= 

oi 17 

4-67) 

77 


Daily rate = 

Former daily rale = 

16*5 gaining. 
12*9 „ 




2) 20*4 


Mean daily rate 

... 

UJ2 i» 


Error of Watch at Mombassa, July 2c tb, 9 \.M. 
5*3 d-'i) s’mean rale 

H. 

= 2 

M, S. 

17 14 slow, 

oi 18 gaining. 


Error of Watch at Momhassa, July 25th, .j r m. 
,1 ij 1 aveta, ,, ,, ,,, 

2 

— 2 

15 56 slow. 
o3 03 


Meridian distance, or ditTerence of longitude 
between Mombassa and 'i'aveta. 


"7 51 ' 57 

45 

and as the watch is less slow at Taveta than at 
Mombassa. 

Mombassa, Taveta is 

west of 

'I bc Ifiigiuide of Momb.assa being 

Meridian distance, west ... ... 

39 

... * 

40 00 E, 

57 45 'V. 


T.ongitude of Taveta ... 

= 37 _ 

42 IS E. 


Here the rate has been supposed to be obtained at both places. If, however, 
it was only ascertained at one end, that rate would have to be used. In the case 
supposed the result would be a difference of 10 seconds in the determination of 


the longitude of Taveta, or 2' 30" of longitude. This method can be used at any 
part of a journey to measure the differences of longitude between two places. If 
the longitude of one of the places has been fixed by lunars, or other absolute 
methods, the longitude of the other is known at once. If not, the longitude of 
either of the places may be fixed hereafter, and Ihc longitudes of the places whose 
meridian distances have been measured will bo in connection with it, and not be 
scattered about with large individual errors, as would be the case were they deter¬ 
mined separately by one or two lunars. 

(li) By the Occultation oe a Star. 

This Is the best of the absolute methods of finding longitude, when a sextant 
or other convenient astronomical instrument is available for ascertaining the local 
time. The following describes the manner in which the observation is taken 
The moon in its monthly revolutions round the earth frequently passes between 
the earth and a fixed star so as to intercept a spectator’s view of the latter; the 
disappearance of a star from this cause is called an immersion, and its re-appear¬ 
ance from behind the moon is called an emersion. A list of these phenomena is 
given In the ‘ Nautical Almanac, ’ with the limits in latitude beyond which a star 
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cannot be occulted by the moon. As the elements refer to the moon and star as 
they would be seen from the (‘arth’s centre, they serve equally for all places on 
the earth’s surface. This observation is much easier, and more certain in its 
results, than the lunar observation ; as the instrument (the sextant or telescope) is 
one that every person can use, and is not liable to any error, all that is required is 
that the observer shall be certain that one instant he does see the star and that the 
next instant he docs not (with an emersion the exact contrary is the case). Neither 
is there much difficulty in recoe;nizing the star, its position with reference to the 
moon being clearly pointed out in the ‘ Nautical Almanac,* and as the moon only 
moves its own diameter among the stars in an hour, there is ample time after the 
star and moon are in, apparent, close proximity to make sure of the star. Before, 
or immediatt'ly after this observation, a set of sights should be taken to find the 
error of the watch on apparent or mean time at place. When it has been decided 
to observe an occultation, the observer should, during the day, find the local time 
of that phenomenon, by applying the assumed longitude in time to the G.M.T. 
of conjunction in R.A. of the moon and star, which he will find among the ele¬ 
ments of occultations In the ‘ Nautical Almanac,’ adding the longitude in time if 
it be East, and subtyacting if it be IVasL An hour before the time so found, he 
should point his telescope to that limb of the moon by which the star will be 
occulted; it is necessary to take this precaution as his assumed longitude, and 
therefore his time, may be considerably in error. The moon will be seen to 
approach the star from west to east, until its eastern limb will reach the star and 
occult It; note the instant when this takes place. After a certain interval the star 
will re-appearon the other side of the moon ; note this time also. Either of these 
observations are sufiicient to determine the G.M.T., and thence the longitude, in 
the manner shown In the example. When the star is occulted by the moon’s 
dark limb, the observation will afford most decisive results. At or ni^ar full moon 
a star occulted by the bright limb is not so easy an observation. The telescope 
suitable for this observation Is one having a magnifying power of not less than 
40. The example given is computed by Raper’s rule and tables. It will be 
observed that several of the logs can be taken at one opening of the book, and as 
only four places of decimals are used, the log. sines, cosines, etc., can be taken at 
sight to the nearest 30"; this is not, however, the case with the proportional logs ; 
where they occur the strictest accuracy must be observed, and the decimals of 
seconds must not be neglected. This remark also applies to the Moon’s Decline 
ation, Right Ascension, Horizontal Parallax, and Semi-diameter, 


July 3rd, 1892 
Long. 1° 43' W. 
Meridian. 

H. 

Time by Watch of ini* 
mersion ... 8 

Error of Watch — 


Longiiude by the Occullution of a Star. 

,— Uranus, immersion al Daboja, Lat. 9° 31' 26" N. Approx. 
Watch 17 min. 36 see. fast of local time. 5 West of the 


M. 5. 

D’aSemhl. p.lll, N.A. 
50 30 Noon ... 

17 Setnid. p. Ill, N.A. 

Midt. ... 


48*2 


]) s Hor. Par. Noon ... 54 14*2 
])’s llor. Par. Midt. ... 54 15*4 


U 

West Long, in 'l ime -f 

Corresponding G. D., 
July 3 ... ... 8 


32 5 t 
no 52 


Noon 

39 46 Correcti< n 
Corr. Semid. 

Latitude 

Reduction (Tabic 
LXX-D*) 

Geocentric Lat. ... 


»4 

A ^’6 

12 Hourly Diff. = 

to 

01*2 

00 

00*4 

Corr. by 12 Hourly Diff. 

/ 



-; 

forG.D.... = - 

f 

CO 

b 

0 

/ 

// 

])'s 1 lor. Par. Noon — 

54 

14*20 

14 

48‘2 


. + 

0*3 

j)’s Hor. Par. corr, for 




48 'S 

G. D. ... 

54 

i5’o; 

. 14 

Correction for Lat. (Tabic 

0 t 

u 

LXXC*) - 


00*2 

9 31 

26 


^ ■ 


0 03 

43 

))’s Reduced Hor. Par. « 

54 


9 27 

43 





observation. 

Calculating Tables ” (5th edition), 
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M. D. 


H. 

M. 

s. 

Sidereal Time, July 3 (p. 

II, N. A.) 

6 

47 

53*17 

Accel. (Table f ,L'!' 



01 

18*85 

XXXVI)*[ 39 M. 

=3 



06*40 

00*13 

Reduced Sidl. Time ... 


6 

49 

i 8‘55 

Mean Time at Place 

4 - 

8 

32 

54 

R- A. of Meridian 


15 

22 

12*55 

Right Ascension 

... — 

13 

59 

SVil 

*’s Hour Angle 

... = 

I 

22 

I5'28 

Declination 


0 

11 

1 

42 2 

h’qS. 


♦ ’s Variation of Dccln. in 1 m= ... 
12*6" X 39 8 min. of G. 


Df.„S 


i- 08 21*5 


Reduced Declination = 10 51 19*38. 


intlic clillcrcnreof IJctlimtion in lo minutes (ghen in the Nantl* 
cal Almanac) one figure to ilie left hand. 


D’s Reduced Hor. Par. Pro. Log. ... 0*5209 
Geocentric Latitude. Cosec. ... 0*7X41 
Declination. See. 


7^41 

0*0091 


See. 

Cosec. 


Arc A = 8 44 = Pro. I.og. = 1*3141 Hour L Sec. 

Arc C — o 00 — !_ • 


1^*520) ... ... 0*5209 

0*0059 ... See. ... 0*0059 

0*6925 ^’s I lour .1 Coscc. ... 0*4544 

0*0286 II Sum of 3 Logs. =: 0*9812 
X 2 


(A—C) = 8 44 


Arc B = lo 10*3 = Pro. 
Log. = 


1 * 2.179 


1*9624 

Constant ... + 1*5820 

**s Declination 

Cotan ... 4- 0*6834 


Arc C = 00 00 =: Pro. Log. =2 4*2278 


Ill’s Declination 

(A—C) 4 - when f..at. and Dccl. same name ... 
•- when Lat. and Uecl. diffcrcni name 


B.—when Hour Lis hss than 6 hoursi 4- when more 
Prepared Dcclinatit n 

Part /, for ]) *5 Parallax in R.A, 


1 I 

t 

42 

n 

44 * 9 ^ 


o 3 

44 

11 

34 

00*9 

— 0 

lu 

10*3 

= II 

23 

5 o*6 


Part II, 


Prepared Declination 
P’s Declination 

Difference 
P’s Semi-diameter 

Difference 

Sum 

m 


II 23 50*6 Cos. ... 
10 51 19*3 Ctnstant 


9 W 3 

1*1761 


Cos. 

Constant . 


32 3i’3 
14 4«*5 


Sum of 3 logs, used to find C 
Part II, I m. 16*7 s, = Pro. Log. 


9*9913 

1*1761 

0*9812 

2*1486 


17 42.3 I Pro. f-O),'. 0.5035 
47 19'S a Pi’f’- Log. 0*2011 


Part L = 1 58-15 = Pro. Log. = 


Part II 


1*9610 


j Parti. {}{|r 


R.A. 
Immersion —7 
Emersion -H } 


< When P E. of Merid. 
(.When P W. of Merid. 


II. 

M. 

s. 

13 

59 

57'27 

— 

01 

58-15 

*3 

57 

59-13 

-f 

01 

16.7 

*3 

59 

15-83 



(1) P’.sR.A. (thus found) 

(2) P’s R.A. preceding hour, viii h. 

13 

59 

15-83 




58 

CO -84 

Constant 0*4771 


(3) P’s R.A. following hour 

*3 

59 

So'i'S 


Diff. between (ij and (2) 


01 

14-98 

Pro. Log. ... 2*1586 

tt For extreme .nccurary, 

Diff. between (2) and (3) 


01 

49 ' 3 i 

Ar. Co. Pro. 

re-compute Ptirt I with this 
O.M.T., .nnd the result will 



Log. ... 8*0048 

be the true G.M T., posiibly 
some seconds diderent from 
tlie first obtained. 

Houroiii) 

0 

+ 8 

0 

0 

11 

00 

= Pro. Log. M. 0*6403 


ft G. M. T. 

8 

41 

II 



Mean Time at Place ... ... 

8 

32 

54 

0 , // 


Longtitude in Time ... ... 

0 

08 

17 

= 2 04 15 W4 


OBSERVATION. 


* Calculating Tables” (5th edition)i 
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(iii) Lunar Obskrvations. 

In this observation the observed distance is not only liable to errors caused by a 
defect of parallelism in the telescope, which always makes the observed distance too 
great, but to all other instrumental errors, some of which may very possibly be un¬ 
known to the observer, and as an error in the distance*, of whatever kind, produces 
about thirty times its amount In longtitud .i, it will b(} readily understood that but little 
value can be attached to the results obtained from a single set of lunar distances, 
even when the observation has been taken by a competent person, as making the 
contact slightly above or below the centre of the field, combined with the effects 
of irradiation, may very well cause an error of 20" in the observed distance, the 
effect of which would be, in average cases, 600" or 10' error of longtitude. For 
these reasons lunar observations cannot be recommended to any person who has 
not acquired a perfect knowledge of the us<' of the scixtant or other suitable 
astronomical instrument, its errors and adjustments ; or who is unable to remain at 
one place long enough to take a stories of distances cast and west of the moon. 

To Measure the Angular Distance hctieccn the Moon and Sun. —As the 
enlightened limb of the moon is always nearest to the sun, the angular distance 
measured is always that of the near limbs; but since, on account of her compara¬ 
tively feeble light, it is necessary to observe the moon by direct vision, and since 
the sun at the time of observation may be cither to the east or the west of the 
moon, the sextant (where this instrunumt is used) has to be held with its face up or 
down as the case may require. In north latitude^ whcMi the sun is to tlui west of the 
moon, the instrument is held with its face upwards ; but when the sun is to the east 
of the moon, it must be held with its face downwards. In south latitude the opposite 
of this rule must be followed. This is often much easier if the observer can hold the 
sextant In his left hand ; the position of the hand and wrist may otherwise be cramped 
and almost painful. Before taking an observation, look at the sun through the dark 
shades, and select those which reduce its brightness in the greatest degree com¬ 
patible with good definition; put these down before the index glass; sec that 
the inverting telescope, is adjusted to focus ; set the index to zero ; and hold 
the instrument with its plane parallel to a line joining the sun and moon ; look 
«it the moon through the telescope collar and horizon glass and move the index 
slowly forward until the sun’s rellected image makes a rough contact with the 
moon, seen by direct vision through the unsilvered part of the horizon glass, 
clamp the index, screw in the ttdescope, and make the contact perfect in the 
centre of the field with the tangent screw, moving the sextant slowly round the 
axis of the telescope, by which means the reflected image of the sun will appear 
to pass the moon, and the accuracy of the contact can be tested. 

Between the Moon and Star or Planet, —The angular distance between a 
star or planet and the moon is always measured to the moon’s enlightened limb, 
which is often the farthest from the star or planet. When this is the case, the 
moon must be brought by reflection past the star or planet before the contact 
can be made ; in other respects the observation is precisely similar to that already 
described, when the angular distance of the sun is taken. In observations of this 
class, the utmost attention must be paid to accuracy, and a faulty habit of obser¬ 
vation in making contacts of the moon’s limb with a star is not necessarily elimi¬ 
nated, as is very generally supposed, and frequently stated, by taking distances 
east and west of the moon. For example, if it is an observer’s habit, in making 
a contact, to place the star within the moon’s disc, M. (iw Fig. 477), as at S', 
the distance S' is too small, and the distance S'" S' too great; but supposing 
the moon to be moving in the direction from S' to S'", each distance will give too 
early a Greenwich time, for each will give the time when the moon’s limb was 
actually at S'. When, however, the sun is th('. object observed cast and west of 
the moon, errors of this sort in observation, if constant^ will be eliminated, since, 
as the moon’s enlightened limb is always turned towards the sun, such errors 
would increase both distances and produce errors of an opposite description in the 
Greenwich lime. A single obs^^rvation is of little value ; distances should always 
be observed in sets, with stars cast and west of the moon, and as nearly equi¬ 
distant from it as possible; the observer should also note which limb of the moon ‘ 
has been observed, and whether the star was east or west of it. The more nearly 
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the two bodi(is approach the same horizontal plane, the easier will be the obser¬ 
vation to take, and distances between 45° and 90' will be least liable to errors in 
observation. Thii thennonu ter and the barometer (or its equivalent, a boiling- 
point tliermorneter) should be noted, and the refraction corrected accordingly ; 
because, if thermometric and barometric corrections be omitted, in observations 
made on a high and heated [)lateau, there may be serious errors in the results, 
A complete pair of lunars, made wholly by oiu' person, consists of the following 
observations, in addition to those for latitude. An hour before beginning to 
observe, get everything in perf<‘Ct order; see that the lamp is well trimmed, its 
air-holes free, and that it is fdled with oil. Also rehc*arse the expected observa¬ 
tions with the sextant, that no hitch may occur after they have commenced. Then 
let the hand and eye have amp’e time to repose, and go on as follows;— 

(1) Read Thermometer in air. 

(2) Adjust horizon-glass, if necessary. 

(3) Two pairs of observations for index error. 

(4) Three altitudes for time, star E. 

(5) 'rhre.i altitudes for time, star W. 

(6) ThrcM^ altitudcis of moon. 

(7) Five lunar distance's, star K. of moon. 

(8) b'ive lunar distances, star W. of moon, 

(9) 'riiree altitudes of moon. 

(10) ddiree altilutes for time, star W. 

(11) Thr( c altitudes for time, star E. 

Clearing the Lunar Distance by Naper's Rigorous Method. —As this is one 
of the shortest, and at the same time a strictly accurate method of clearing the 
Lunar Distance, it is here given for the benefit of those who may not have Raper’s 
\vork in their possession. Having found the Greenwich date with the assumed 
longitude in time, and tin* mean time at place by a watch or chronometer, the 
error of which on local time has been found by previous observation, reduce 
thereto the moon’s horizontal parallax and .^emidiameter, and if the sun be one of 
the objects observed, take its semidiameter from the * Nautical Almanac ’ (page II). 
From the observed altitudes gd the apparent and true altitudi s ; from the observed 
distance.* g(‘t the apparent distance. Add to, or subtract from, the apparent 
altitudes as many seconds as are necessary to bring them to odd or even minutes, 
then add them together and subtract their sum from 180^, and the remainder will 
be the sum of the Apparent Zenith Distances, Increase or diminish the True 
Altitudes by the same number of seconds as were added to or subtracted from 
their respective! Apparent Altitudes; add them togellier and subtract their sum 
from 180 ’, and the reinaind(‘r will be tin! sum of tlie d’rue Zenith Distances. Add 
together the Log-secants of the Apparent y\lti(iides and the Log.-cosines of the 
True Altitudes; the sum, rejecting tens in the index, will be the Logarithmic 
Difference. Increase or diminish the* Apparent Distance by any quantity of 
seconds necessary to bring it to an odd or even minute moting the number of 
seconds) ; to this add the sum of the Apparent Zenitli Distances; take Half the 
sum, and from this I lalf Sum subtract the Apparent Distance—call this Remainder. 
To the Log.-sines of the Half Sum and Remainder add thi! Logarithmic 
DifTerence, and the sum, rcj(!cting tens in the index, will be tlie Log.-sine square 
of the auxiliary arc x. Arc w may also be found without any special tabic of Log.- 
sines square in the following manner:—When the sum of these three logs, has for 
an Index a number above 20, reject 10 from such Index, and then divide the sum 
by 2 ; this w'ill give } the Log.-sine of the arc, wduch multiplied by 2 will give 
auxiliary arc x; this, oj course, applies to all cases where a I.ogrsine square is 
mentioned. Under a: jiut the sum of the True Zenith Distances, take their sum 
and difference and th(‘ir Half Sum and Half Difference, add together the Log-sines 
of the Half Sum and Half Difference, and their sum is the Log.-sine square of an 
arc, to wdiich apply the same number of seconds by which the Apparent Distance 
was Increased or diminished to bring it to an odd or even minute, subtracting them 
If the Apparent Distance w'as increased, but adding them if diminished, and the 
result will be the true distance nearly. Take the difference betw'een the proportional 
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logs, in the ' Nautical Almanac ’* against the two distances between which the 
computed true distance falls. With this difference and the portion of time just 
found, enter the table of corrections for second differences (Nautical Almanac or 
table 57 Raper),. and take out the seconds. When the proportional logs, in the 
'Naut'icai Almanac’ are increasing, subtract these seconds from the True Dist., 
nearly; when they are decreasing, add them; the result will be the M. T, at 
Greenwich. 

rLatitude ... ... 51 31' ii"N. 

Lwtar (Raper’s Rigorous Method). < 'riicrmomcter ... 49" 

{. Barometer... • • • 30 inches. 

Date J Nov, 22nd, iSyg, PM. at place of oh sit vat ion. Mars and Mars East of Meridian, 
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G.M T., Nov. 3and.. 


H. 

M. 

s. 

7 


J 3 


- 

19 

7 

46 

04 


- 

o 3 

7 

4 .<; 

.^6 


Art, Hoi 


Mari’ Ohficr;ed Alt. 
Index error 


App. Alt. s; 

Refractinn—I' g'li" 
Par. in Alt. 4- 13" 


Mari’ (4- 13*15") 

)'8 (4 I/8'O 


Apparent Zeniths 
iJiiti. ) 


0 

1 

II 

80 

31 

30 

, 4 - 


01 

2;so 

21 

33 

3 40 

10 

4 fi *5 


00 

5 'j*r 

; 40 

07 

50*4 

> 

> 

0 

1 

u 

. 40 

11 

00 

. .39 

31 

00 

1 79 

42 

00 

180 

00 

UO 

100 

18 

00 


Observed Alt. 
Index error 


/^ugt. Semid. 

}) ’« App. Alt. 
])'8Corr. in/ 
iTalile 3Q, I 
J *s True Alt. 


Mars* ( + I3'5") 

3)*8 ( + 19 S") 


Sum 


)*i Hor. Par. Noon 
MM. 

V.'iriation in n tioiirs ... 

Correction (Tabic 11, Raper) 

Hor. Par. Noon 

Hor. Par. corr. for G. D. ... 

t orr. for Lat. (T.nblc I.XX-Ct) ... 

Rcdiiied Ilor. Par. 

Art. Hor. Day. 

® ' u Sidereal Time .at Mean Noon, Noi. aand 

78 30 54 ( ^ 

+ 01 Accelcr.ition for G. 0. (Table < 43 mm. 

-L XXXVI) (55 sec. 

Mean 0’s R. A. ... ... 


])'s Semid. {Tabic 40, 
Raper) 

15 02*5 

Auginent.'tion (T.ible 
LXX-L*) 

0/2 

J’s Aug. Semid. ... 

15_r‘*7 

M.irs* Declination ... 

J7 2.8 23 N, 

^0 00 oo 

Mars* Polar Dist. ... 

72 31_37 N, 

K. M. 8. 

M.irs* R. A. 

a 56 IS 


0 

• 

u 

... 78 

30 

54 

... 4- 


03 

2^3 

30 

57 

39 

15 

28*5 

... 4 

IS 

117 

S3 .39 

30 

40*2 

Vlt. 4- 

taper) — 

41 

250 


Observed Distance F. I 
Index error ... 


J)'t Semid. Augmented 
)’6 Apparent Dist. 





55 28*9 


55 11*2 

... 

00 17*7 


» * 


00 2r4 

... 

55 18-9 




55 17*5 
~ 007 

- 

55 lO'S 

H. 

M. 8 . 

16 

04 24*3 ♦ 

01 09*00 


07* IV 


rO -15 

10 

05_40*78 

0 

f u 

53 

30 10 

4 - 

3 00 


True Zenith 


Diet 8. 




40 10 03*9 

40 ! 3 25*00 


HO 31 38*9 

iSo 00 to 


99 37 3 »*» 


M.’trs App, Alt, 

J'i App. Alt. 

Mari’ True Alt, 

J's Tnie Alt. 

Logarithmic Difference... 


.Sec. 0*111 91® 
See. o 113 69H 
Cos. 9MH3 184 
Cos. yH.H3 933 


Mars' True Alt. ... 

40 

09 

SO 

Lat. 

51 

.31 

11 

N. P. D. 

... 72 

31 

37 

Sum 

...2) 164 

13 

Is 

^ .Sum 

Nl 

oO 

19 

i Sum—Alt, 

41 

5« 

29 


H. 

M. 

8. 

Hour 1. 

3 

05 

15 

Mar*' R. A. 4 34 hour* 

... 26 

55 

IS 


23 

50 

59 = 


16 

OS 

41 1 


7 

45 

18 : 


7 

45 

SI : 


oO 

00 

33 ■ 


= ^*905 731 


Sec. 

Coicc. 


Cosin. 

Sin, 


9’«37 8»9 
W*SJ 5 017 


9*189 411 


; R. A.of Merld. 
lean Sun's R. A. 

I Mean Time at plate, 
: G. M. T. by Lunar. 

: Long, in Time = 



0 

• 

• 

App. Di*t. ... 

S3 

17 

00 

App. Zenith Dists. 

luo 

18 

Oo 

Sum ... 

= 0'53 

3> 

00 

i Sum ... .. : 

= 75 

47 

30 

j Sum — App Di‘>t, 
Logarithmic ditfcrcmc 

- 23 

30 

30 

Arc ft 

75 

38 

32*0 = 

True Zenith Diitt 

99 

37 

31 ’l 

Sum 

1/6 

16 

2J*I 

Difference 

32 

58 

39* I 

} Suni ••• 

83 

0] 

11*5 

I Diilerencc " ... 

II 

29 

19*5 

Approx.True Di*t. 

52“ 5'. 

»' 49 

" = { 

Seconds added 

- 

017 

True Dist. ... 

*= 52 

59 

47*3 

N.A. .at VI hours 

... 53 

55 

19 1 

Difference 


55 

3i’J 


II. 

M. 

R. 

Time of Dist. by N. A, 

... 6 

00 

oo 


* 

45 

55 =s 

Correction for and difler- 

u 

45 

55 

cnce (Tabic 57, R.ipcr) 

04 

G, M. T. Ijy Lunar 

... 7 

45 

51 

Time by Watch 

... 7 

45 

33 

w.atrh fast of G. M. T. 

C3 0 

00 

41 

0 , 1, 

— - 

—-—- 


{n" 


53 31 10 
^ n *7 

•SJ »6 5 l’ 3 _ 

Note \ 

added./ 


Sin. 9 *qS 8 35(5 
Sin. 9 6uo 815 
= yy‘>S 7JI 


Sin. 9'999 770 
Sin. 9-399 2J8 


: Sin. 3 

1 •!. i 


: 9*199008 


00 08 15 West, 


bie 74, Raper) 5108 


Pro. Log. m 2303 


Note. —To compute the altitude of a Fixed Star ,%—When a Lunar Distance 
is observed, it is frequently convenient to compute the Altitude of one or both the 
objects, and to this end it is necessary that the Longitude and the Time at place 
should be known with tolerable accuracy. The following example shows in detail 
(he order and m etho d of making th e calculation when the object is a Fixed Star. 


OBSKRV.\TIONS. 


The tables of Lunar Dist.Tnces arc omitted in ‘Nautical Almanacs* from IQ07; but examples 
of the method of Calculating Lunar Distances arc given under (iii) Lunar Observations, in Art. 78. 
t “ Calculating Tables *’ (sth edition), 

X Adapted from Rosser’s Book of the Stars. 
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Rule.: Obtain the corresponding M. T. at Greenwich and the P. D. of the 
Star. Tlien work out the S. T. at Place (which is the R. A. of the Meridian) and 
subtract it from the R. A. of the Star for its Mt ridi.an distance (\V. or E.) or 
H. A. Next find Arc 1 , by adding together the I.og. cos. of the objects H. A. 
and the Log. cot. of the Lat.; the sum of which (rejecting 10 in the Index) 
will be the Log. tan. of Arc I. Then find the True Alt., by adding together tlie 
Log. sin. of the Lat., the Log. sec of Arc I, and the Log. cos. of the differi'iice * 
(Arc II) of Arc I and the P. D.; the sum of whicli will be the Log. sin of the 
True Alt Lastly, apply the correction for Refraction to the True Alt. to obtain 
the App. Alt. of the object, i'lius, n^quired the true and appareiil altitudes of « 
Virginis {Spica) on the 20th january i8()8 (Civil date) at ^/i. lom. M. 1 ., in Lat. 
48" 30' N. and Long. 29° 3o'‘W. 


M. T. (Astron.) at place, irjth 

H. M. S. 

Di'C. S. (N. A., App. 

0 / 

// 

January 

Lono-. of place, in time, W. 

— it) 10 00 

[)laces) .. ... — 

10 37 

53 

(tab. XXXIV, ‘'Cal. Tabbs,” 
5th cilition) 

(l^y Prob. Vll) M. V. at (Ireen- 
wich, January ly 

= + I 00 

18 08 00 

(By Prob. X) P. I). = 

100 37 

53 





n. 

M. 

s. 

S. I), at Greenwich M. N. (N. A., 

p. n).Jany. 19 

== 

19 

55 

3f)'02 

Correction for Long. W. — 29-5° x 


... 

+ 


19*38 



Sum — 

19 

55 

syAo 

For low. solar time, equivalent sidereal time ( 

Tab. 




XXXVI, “Cal. Tables,” 5th edition 

) 

... — = 

i() 

12 

39 ‘ 3 ‘> 

(By Prob. V.) S. T. at place 

• • • 

... = 

12 

08 

347 ^ 

*’s R. A. (N. A., App. places) 


• • • —■ 

^3 

19 

5 ‘>’ 4 i 

*’s E. Mer. Dist. or H. A. 


= 

I 

I I 

15 


H. M. S. O / // 

*’s H. A. — I II 15 Cos. 9*078(1(15 (17 48 45) 

X = 48" 30' 00" Cot. g'94(')8ob . Sin. 9*874 456 

Arc I — 40 o(> 2glan.9'925 473 . Sec. o*ii() 434 

*’s P. D. -- 100 37 53-—- 

Arc II ^ ('O 31 24 ... . Cos. 9 ('92 02() 

*’s T Alt. 28 48 24 Sin. 9 (>83 91(1 

R>fr.-un. {'lab. XXXVIII, “Cal. T.ibles,” 

5th edition) ... ... ... = + 01 45 

*’s App. Alt. ... ••• 28 50 09 

Lunar Disfanas.—Lumir distances which have heretofore been given in the 
‘ Nautical Almanac ’ are omitted from that publication from 1907. The following 
examples (from the ‘ Nautical Almanac ’) are tliercfore inserted to show how Lunar 
Distances may be calculated. 

Calculation of a Lunar Distance. 

The true distance between the moon and any other heavenly body can be 
ascertained by working the spherical triangle of which the two sides arc the polar 
distances of the moon and the other heavenly body, and the angle contained is 
the difference of the right ascension of the moon and the heavenly body. 

OBSERVATION. 

* Unless the Hour Anule be more than 6 h. or 90°; in which take the Log. cos. of the sum of Arc I and 
the Polar Distance. ^ 
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AID TO LAND-SURVEYING. 


Star and Moon. 


On September 12, 1907, at noon, Greenwich Mean Time, from the ‘Nautical 
Almanac,’ 

H. M. S. „ , „ 

R.A. of moon == 14 54 2*9 Declination of Moon = S. ii 43 34 

R.A. of Spica = 13 20 17*7 S.P.D. of Moon = 78 16 2(3 

Declination of Spica = S. 10 40 34 
S.P.D. of Spica — 79 19 26 



PM = 7*8 16 2<5 

PS — 79 19 26 

PS + PM 157 35 52 

PS ~ PM = 130 

i(PS + PM)== 78 47 56 

i(PS-PM)= 03130 


H. M. S. 

Moon’s R.A. = 14 54 2-9 

Star’s R.A. = 13 20 177 

Difference = i 33 45-2 = 23'’ 26' 18" = P. ‘ P = 11° 43' 9* 

Then, by Napier’s Analogies, 

tan. i (M + S) = cos. i (PS - PM) x see. ^ (PS + PM) x cot. ? 
tan. 1 (M - S) = sin. i (PS - PM) x coscc. I iPS + PM) x col. ^ 


+ 

q 

00 

0 

cot. 


... • 

.. i P 

I 1 

43 

9 

+0711632 

sec. 

i 

(PS 

+ PM) 

78 

47 

56 

+ 9’999982 

cos. 

i 

(PS 

- PM) 

0 

31 

30 

+ ‘•394724 

tan. 

i 

(M ■ 

f S) 

87 

41 

33 


i 

(M - 

- S) 

2 

34 

42 


.. cot. +0*683110 
.. coscc. +0*008353 
... sin. +7*962031 


... tan. +8*653494 


angle at M = 90 i6 15 
angle at S — 85 6 51 

sin. M ; sin. P.S :: sin. P : sin. MS (true distance) 
sin, P 9’599623 

sin. PS 9*992416 

cosec. M 0 000005 


sin. MS 9*592044 

MS 23° o' 33" = true distance. 

Therefore 23° o' 33" is the true distance between the Moon and Spica 
at noon on September 12, 1907. 

Sun and Moon, 


On August 16, 1907, at 4A., Greenwich Mean Time, from the * Nautical 


Almanac,’ 

H. M, S. 

R.A. of Moon at 4A. = 15 ^4 59 'i 

Declination of Moon at 4/1. = 

0 / u 

s. 13 13 37 

R.A. of Sun at noon (p. II) = 9 39 i5'66 

N.P.D. of Moon = 

Declination of Sun at 4//. == 

J03 ‘3 37 
N.13 58 54 

* Var. at 2A. x 4 = + 37 ’ 4 b 

N.P.D. of Sun = 

76 I 6 

R.A. of Sun at 4A. = 9 39 53 ’* 

PM = 

*03 13 37 

PS = 

76 I 6 

Dec. of Sun at noon (p. II.) =+14° 2' i*6" 

PM + PS = 

J79 14 43 

* Var. at 2A. x 4 = —3 7 ’^ 

PM - PS = 

27 12 31 

Declination of Sun at 4A, =+13 58 54 

1 (PM + PS) = 

89 37 22 

1 (PM - PS) = 

•3 36 15 


OBSERVATION. 

• It may be assumed that the variations for Mean Noon are the same as for Apparent Noon (pagel). 
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H. M. S. 

Moon’s R.A. = 15 14 59-1 
Sun’s R.A. = 9 39 53'I 

Difference =535 6-o = 83° 46'30" = P |P= 41° 53'15" 

Then, by Napier's Analogies, 

tan. J (S + M) = cos. J (PM - PS) x sec. J(FM + PS) x col. 
tan. i (S — M) = sin. I (PM — PS) x cosec. ) (PM + PS) x cot. ^ 

+ 0*047^7800!. i P= 41 53 15 . cot.+0*047278 

+ 2*181530 see.i (PM + PS) ^ 89 37 22 . ,, cosec. +0*000009 

+ 9*987641 cos.J (PM — PS) 13 3O 15 . sin.+9371461 

+ 2-216449 tan.i (S + M) = 89 39 7 

i (S — M) ~ 14 41 46 . tan. +9*418748 

S — 104 20 53 

... . . M = 74 57 

Sin. M : sin. PS :: sin. P .* sin. MS (true distance) 
sin. P 9‘997432 
sin. PS 9986939 
cosec. M 0*015146 

sin. MS 9*999517 

MS 87^ if 50" ~ true distance. 

Therefore 87° if 50'^ Is the true distance between the Moon and the Sun 
at 4/1. on August 16, 1907. 

It Is presumed that the Greenwich Time is always known within an hour or so. 
By calculating the distance at the even hour before, and after, the approximate 
Greenwich Time, and taking out the proportional logarithm between the two 
distances so calculated, then, lh(i observed Lunar Distance having been cleared, as 
in the example given an/e under (iii) Lunar Observations in Art. 78. 

By observation on the Moon and a Ah. A. Star ."^—To find the gain In R.A. 
between the moon and a N. A. star, obsc^rve the difference in time of the transits 
of the moon and star and compare the same with the difference in time of the 
transits of the moon and the star at (kcenwich. The difference of these two 
differences will bc^ the gain in R.A. of the moon for the difference of longitude, 
and from the recorded variation for one hour in longitude the difference of 
longitude can be calculated. 

Example ,—To determine the longitude of a place R. by observations 
on the transits of the moon’s bright limb, and a Scorpii (Antarcs) on the i8th 


June 1864. 

Transit of * a Scorpii. 

Transit of (['s 

bright 

Observed times. 

Observed times. 

H. M. S. 

H. M. 

s. 

10 17 21-5 

10 36 

23*0 

42*0 


435 

18 025 

37 

04 '0 

22*5 


24*5 

420 


44*0 

10 18 02*01 

Times of transit over mean wire 10 37 

ov8 

V--/ 


10 18 

02*1 


.*. Difference at R. in mean solar equivaU nts ... ...= 0 19 017 

and difference at K. in sidereal equivalents sidereal interval 

between transits of (['s bright limb at R.) ... ...= o 19 04*82 

R A. of ([ I.U. at transit at Greenwich on 18th June 16 53 38*16 

R.A. of a Scorpii ... ••• ... ...= 16 21 08 46 

OBSERVATION. 

♦ Adopted from the Roorkee Treatise on Surveying, 
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AID TO LAND-SURVRYING. 


Sidcn^al interval between transits of ([’s bright limb and * at G.= 
Do. do. do. at R.= 

Change in R A. of bright limb of <[ due to longitude of R. = 


Rut variation of (['s R.A in t hour of longitude at upper transit 
at G., i8th June ... ... = 

Do. do. 12 hours previous ... = 

Change of variation in 12 hours ... ... ^ — 

Change of variation in 5//. low/. approximaU- longitude E 


Variation of R.A of ([’s bright limb in 1 hour at R. 
Do. do at (b 


Do. 

But total change 

Longitude of place (R.) = 


in I hour half way between— 
= 13 24-88 

2A’hSs. 804 8S ,, , ^, 


H. M. s. 

o 32 2970 
o 19 04-82 


> 13 

2488 

M. 

s. 

+ 2 

357 t 

+ 3 

3271 

-f 

3*00 

— 

1*29 

+ 2 

34-42 

4- 2 

357 i 

-f 2 

35-06 


1 iw/. 26s.f E 


CELESTIAL SPHERE. 

79. N.^MKS AND Positions of the Pkincifal Stars.* (Eitjs. 488— 

489^0-1 

The stars, for th(' purpose* of finding any one more readily, are divided into 
parcels called Consiellations These, in order to assist the imagination, are sup¬ 
posed to be circLimseribed witli some known fi.gun*, as that of a '?nan, womafi^ 
ship, sextant, etc. ; and those stars which lie between constellations art; calli d 
Unformed Stars. As it would be an endless task to give, a propei name to eai'h 
star, it has ihorefoit' been t'ustomary to mark the stars of each consttdiation with 
the letters of the Creek alijhabet,{ in such a manner, that tin* first letter is prefixed 
to the brightest star, the second letter to the next in brightness, and so on. Many 
of the brightest of tlie fixed stars have also proper names—thus, a Boolis, is also 
called Yirginis, is called Idndeniiitrix, etc. Resides tliis system 

of notation, ii has been found necc-ssary to di-notc the fainter stars by numbers— 
as, 20 Ceti, B.A.C. (Biillsh Associaliem Catalogue), 5140, etc. 

The celestial sphere is divided into three parts, the Zodiac, and the Northern 
and Southern Hemispheres 

The zodiac exteiidj to about 8° on each side of the ecliptic, and contains the 
orbits of all the planets; there are 12 constellations in the zodiac.§ According 
to the ancients, there were 21 constellations in the Northern Hemisphere and 15 
in the Southern; and consecpienlly, 48 constellations in tin; zodiac and both 
hemispheres. Modern astronomers, however, by curtailing several of the ancient 
constellations of some of their stars, which they fi)rmed into new constellations, 
and by forming into constellations the unformed stars, or those which lay between 
the ancient ones, have increased the number of constellations in the Northern 
Hemisphere to about 30, and those in the Southern to about 46; and consequently 


OFiSBKVATIONS. 

* From “ Mnckay < n Longitude ” and “ Drew’s Manual of Astronomy.” 
t Reduced from the maps ot Colonel James. R. F., F.R S., etc. 

X Tlie following nro the Ictu rs of the Greek alph.abct, in order, with their respective names (Alpha) 
/I (Beta), y (Gamma), c (Deha), >■ (Kpsilon), (Zeta), 1; (Ri.a), 0 ( Theta), t (Iota), k (Kappa), \ (Lambda) 
f, (Mill, )' (Nn), £ (Xi), o (Omicron), tt (Pi), p (Rhn), o. (Sigma), r (Tau), v (Upsilon), (Phi)^ (Chi)» 
\\t (Psil (,i (Omega). 

§ 'The effect < f precession, which throws hack the place of the equinox among the stars .about 50" a 
year, has caused a displacement of the signs of the zoiliac with respect to corresponding constellations. The 
sign 'Taurup, at present occupies the constellation Aries, the sign (Jemiiii tin* constellation Taurus, and so on, 
the signs having retreated amtitig the stars about 30'^ since the present division of the zodiac was adopted. 
In conscqncnr(‘, therefore, of this retrograde movement of the first point of Aries” along the ecliptic, the 
ijedtac should be distinguished from the o/f Ac zodiac bearing the same names. 
Th('NL and vS. pol(‘S wf heavensin at the points shown in Figs. 488—4.89a of R.A. XVIII 

and Dec. N. 4o 18', and R. A. VI and Dec. S. 40*^ respectively; vide, also, the 2nd footnote to 
Art. 22, Chap. XVI, ante. 
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there are about 88 constellations in all. The names of these constellations are 
as follows :— 

ZodiacaI Constellatio ns.^ 


1. Aries 

2. T.'iurus 

3. (iemini 

4. C.'incer 

5. Leo 

C. Virf^o 


1. Ursa Minor 

2. Ursa Major 


3 - 

4. 

5. 

6 . 

7. 

8 . 

9 - 

10. 


'1 ho Ram 
Hull 
Twins 
Cral) 
Lion 

Virgin J 


Nortliern. 


7 

8 . 

9 - 

10. 

11. 

12. 


Libra 

Siorpiiis 

Saj^ittarius 

Capricorn us 

y\quarius 

Pisces 


1 ho Balance 
„ ScoipiMii 
„ A roller 
,, (loaL 

„ Waior-bcarrr 
„ Fishes 


1 . 

I a 


Northern 


Draco 

Cepheus 

Bootes 

Corona Borealis 

Hercules 

I.yra 

Cy^-nus 

Cassiopea 


11. Perseus 

12. Aurijra 

13. Serpentaiius 

14. Ophiuclius 

15. Serpens 

16. Sai^itla 

17. Aquila 


The Little Bear. 

„ Gnat Bear (The 
Ploui^h). 

„ U raison 

Cepheiis (The Monarch). 
Bootes (The Herdsman). 

T he Northern Crown. 
Hercules, 

The Harp (or Lyre). 

„ Swan. 

„ Cassiopea ' (The 
1 .ady’s chair). 
Perseus(The Rescuer), 
j, Waii 1(011 er. 
Serpcntariiis. 

The Serpent-bearer. 

,, Serpent. 

,, Arrow. 

„ Kaglc. 


Cnnstellntions. 

18. Oclphinus 
IQ. Equuleus 

20. Pegasus 

21. Andromeda 

22. Triangulum (Bore¬ 
alis) 

23. Coma Berenices 

24. Camelopard us 

25. Monoceros 
20. Lynx 

27. Leo Minor 

28. Caiics Venatici 

29. Vulpecula 

30. Lacerta 


The Dolphin. 

,, Ibrse Head (or 
Littles). 

„ Thing (or Winged) 
Horse. 

,, Andromeda (The 
Chained Lady). 

■ „ The Northern Tri¬ 
angle. 

„ Berenice’s Hair. 

„ Camelopard (or 
(hrarte). 

„ Unicorn. 

„ Lynx. 

„ Little Lion. 

,, (Treyhoiinds (or 
Hunters). 

„ box. 

„ Li/ard. 


Sou them Constellations, 


1. 

Cctus 

The Whale (or Sea- i 

21"'. 

( h.amoleon I'hc Ch.imelc' n. 



.Monster. i 

27. 

TViangIlium Au'-tra- „ 

Southern T riangle. 

2. 

Orion 

Orion (1 he Coant 


lis. 




lluntor). 1 

28. 

Pisces X’olans „ 

Flying Fish. 

3 ‘ 

Fridanus 

T he Ri,cr Fridanus. | 

29. 

Dor.ulo „ 

Sword I'ish. 

•b 

Lepus 

„ 1 fare. 


Toucan „ 

American Goose (or 

5 - 

Can is Major 

„ (irc.it Dog. 1 



roiican g 

6. 

Canis Minor 

„ Little Dog. 

3 '- 

Ilydni, ,, 

W.'itcr-Sn.'ikc. 

7 - 

Puppis Argo Na\ 

is „ .Stern of the Slup 

32. 

Si xt.ins „ 

Se.xtant, 



Arg". 

. 33 - 

Apparatus .Sculp- „ 

Apparatus of the 

8. 

Vela 

„ .Sills „ ,, 


toi is 

Carver (or the 

9 . 

C.'irina „ „ 

„ lx eel ,, „ 



Sculptor’s 'Tool). 

10. 

Hydra 

,, Sea .Su'pent. 

1 

Fornax (Ttemica „ 

CliL-mical Furn.Tce. 

11. 

Ciater 

„ Cnj). 

3 a- 

Horologium „ 

Clock. 

12. 

Lorvus 

„ Crow. ' 

30 

Reticulum „ 

Rhomb' id (or Net). 

13 - 

Centaurus 

,, (. entaur. 1 

3 /‘ 

Ccduni .Sculptoris „ 

Graving Toni (or 

14. 

Lupus 

„ Welf. ' 



the Fngraver). 

LS- 

A ra 

„ Altar. 1 

3 S- 

Kquuleus Pictorius „ 

Painter’s Ibascl. 

16. 

Corf’Ua Austr.ili.s 

„ Seiithoin ( roNMi 

39. 

PiMs .N.'iulica „ 

M.irincr’s Compass. 

G* 

Piscc-i Australis 

„ .Southern Fish. 

40. 

Anllia Pneuniatica „ 

Air-1 'ump. 

18. 

Columba Noachi 

Noah’s Dove. ! 

41. 

Octans „ 

Octant or Hadley’s 

tq. 

Grus 

The Crane 



(Juadrant. 

20. 

Phtjcnix 

„ Pluenix. 

42. 

^ ircinus „ 

Compass. 

2 i. 

Indus 

„ Indian. | 

43 - 

Norm .a „ 

.Square and Rule. 

2 2. 

Pavo 

„ Peacock. 

44 

Tcicseopium „ 

T elescopc. 

23- 

A pus 

„ Pdr-i of l\aradise 

45 - 

Microscopium „ 

Microscope. 

24. 

Mu.sca 

„ My (or Bee). 

46 . 

Mens M( ns;u „ 

Table Mountain. 

25- 

Crux 

„ Cross. 





The number of stars of the first magnitude in the zodiac and in both hemi- 
spercs do not amount to twenty. 

The following method of tracing the relative position of the constellations 
will facilitate an acquaintance with the principal stars, and will be found useful 
in connection either with maps of the stars, as given in the Figures, or the celes¬ 
tial globe:— 

We will suppose the day of observation to be January the ist, at 8 o’clock in 
the evening; though th(' directions given wilt apply equally well on any other day 


obskrvation. 


* In English rhyme these are ."is under ;— 

“ The R.Tm, the Bull, the Heavenly Twins, 
And next the Crab, the Lion shines, 

The Virgin and the Scales, 

The Scorpion, Archer, and Sea-gent, 
The Man that bears the watering-pot, 
And Fish with glittering tails.” 
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of the year, to such of tlie constellations as may at that time be above the horizon, 
if it be borne in mind tliat they will then be differently circumstanced with regard 
to that circle. 

The most remarkable constellation in the northern hemisphere is the Great 
Bear. Occupying, as it docs, a large spac(^ in the heavens, and in our latitude 
being always visible, it may be discovered without difficulty, by remarking its 
form on the globed ; and by mtvans of It, when once known, we may gain acquain¬ 
tance with the other constipations. 

Four of the seven principal stars composing the Great Bear are in the form 
of a trapezium. I'wo of them a and / 3 , called the Pointers, point directly to a 
star in the Little Bear^ which is so near the north pole that it has obtained the 
name of Polaris or Al-niccabah), or the Pole Star. On the ist of January, at 
8 o'clock, the Great Bear will be midway between the horizon and the north 
Polar StO}\ in the direction N.N.E. The Pole Star is in the extremity of the 
tail of the Little Bear, which constellation resembles the Great Bear in form, but 
is inferior to it both in the space it occupies in the heavens and in the magnitude 
of its component stars. 

Between the Great and Little Bear lies part of the tail of Draco ; which 
constellation half surrounds the Little Bear, and returns into itself with a 
serpentine curve. The two bright stars in the lu^ad, and y Draconas, arc 
about as far from J\)ljris, tlie otlier side of tin* meridian, as the Pointers arc on 
the east. 

Continue the line formed by the last two stars in the lail of the Great Bear 
about five times their distance, and it will pass U(‘ar a bright red star (which will 
be below the horizon, however, at the lime we arc supposing) : this is Arctiiriis 
In Bo^'tes. 

The bright star called Cor Caroli may be found in line with a in the tail of 
Draco, and c in the tail of Ursa Major \ at the time we are supposing, it will be 
just above the horizon in the N.N.K. 

Cassiopea will be near the zenith diieetly opposite to the Great Bear, tlui 
Pole Star being nearly equidistant from both. 

'rhe line which is foimed by the t^ointers and Polaris being continued, will 
run between Cephens ^\m\ Cassiopea ] the former adjoining Draco. 

The same; line c'ontinued between Cassiopea will pass /i and a Pegasi \ thi^se 
two, with n Andromeda and 7 Pegasi, f(.)rm an irregular square. The most nor¬ 
therly forms the head of Andromeda ; the opjiosiu; one is I'alled Markab ; thii other 
two 7 and Pegasi ai'e Algenib and SclieaL The diagonal of this square being 
continued towards the north, wall meet ji and 7 A/idromeda and a Persei \ this last, 
at the time we have supposed, being very near the Zenith. These seven stars, it 
will be remarked, are not unlike the cunstidlation of the Great Bear on a large 
scale, and in a reversed ord(;r. 

Join a and 7 Urs(e Major is \ wdieii prohmged, this line will reach n Per set 
and further on, Algol, in Mednsas head, a star rendenal singular from its con¬ 
stantly varying its brilliancy every three days. 

Produce a line formed by joining 7 and /3 Pegasi towards the north, it will 
pass through the centre of Cygnns. The bright star Vega, or a Lyme, will be 
below^ towards the north; on the other side, lovver down towards the 

horizon, Delpliinus will be setting due w'cst. 

Gemini will be found by joining 7 and /3 Ursie Majoris, and producing it 
south. 'Fhe two principal stais are Castor and Pollux, 

Facing the S.R., on the day and hour in question, you will have before you 
the most splendid constellation in the heavens, Onon, w'ith his belt and swmrd ; 
the former being three bright .stars at equal distances. The line of these three 
continued some distance to the south will point to u Canis Majoris, or Sirius, 
the brightest star in the heavens. 

Above Orion, to the westward, wall be the red star Aldebaran, in the eye of 
Laurus \ in the neighbourhood of wdiich are the two beautiful clusters, the 
Ilyades Pleiades: thest; latter have retained, till the present time, the 
name.s by which they were known to the poet Horner 950 years before the 
Christian era. 
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LATITUDES AND LONGITUDES OF PLACES. 


80. Latitudes, Longiiudes anf) niauHTs of Peaces of Note. 
These values refer to places almost exclusively in India and Burma, while the posi¬ 
tions of some of the other principal public and privatt'obsiavatories are also i^iven. 
The longitudes are all reckoned from the* meridian of Gret'uwich. 

A^ole. —(1) All the forimm Longitudes of tlu' Indian and Burma stations 
marked * were referrible to the old valiiL of the Madras Obser¬ 
vatory, 80'' 17' 21", to wliich a correction of—03' 01*5" was 
required to reduce to the value given in tlie ^ Nautical Almanac * 
for 1862 and sul)sequt‘ntly, but the values now given are free 
from this discrepancy, and, further, have ndere nce to the most 
rect lit value of Madras, namelv, L. 80"" 14' 47'' IL 

(2) ( 1 ) stands for India and (B) for Burma. 

(3) Pl‘F^"os marked with an asterisk (*), denote tliat their values have 
been derived from tlu^ records of tlu‘ Great Trigonometrical 
Survey of India. 

(4) Standard Time f was introduced into India and Piurma from the 

I St July 1905. Indian Standard Time* is 5//. 30;;/. (corre¬ 
sponding to longitude 82^ 30' E.) and Burma Standard Time is 
6//. 30/;/. (corresponding to longitude 97° 30'E.) in advance of 
(jn^enwich Tim(‘. rhi; former is thorefori* ahead of Madras 
lime {----2i;n. cos.E., corresponding to longitude 80° 14' 
54'^ E.) by 097;/. 00s. nnd the latter of Rangoon Time (— 6/;. 24/;/. 
40.!>'. IL), corresponding to longitude 96° 10' E.) by 57;/. 20.S'. 


Ihe following is a list of Standard Timt*s that have been adopletl in various 
places for railway and other purposes, referred to the Meridian of Greenwich :— 
LastTturope, 2h. E. ; Mid-Iturope, ih. K. ; South Africa, 2h. E. ; [apan, 9h. K,; 
America: Intercolonial, 4h. W, ; ILastcnai, 5h. W. ; Central, 6h. W. ; Mountain, 
7h. W. ; Pacific, 8h. W.; Australia: West Australia, 8h. E. ; South 7\iistralia, 
9^h IL j Victoria, loh. E. New South Walt\s^ loh. E., Queensland, loh. E. ; 
Tasmania, loh. E.; New Z(‘aland, iiUi. IL 


OUShRVATlONS, 

* .SV/' footnoto nt pajro 21,8 s^q. The correction ihusnppliccl to tlio old value of Madras = —02' 33*g" 
(t.e., 80" 17' 21 "—80’ i 4 ' 47 ’i '3 instead of the former corettion of — 03' 

t Standard time is new adopted in moO civilised countries, anej is referred to the meridian of Green¬ 
wich. The (Tlobe IS supposed to he divided into “ hour-zones ” exU ndini^ 7’ 30' on each side of the ci’ntral 
meridians, and the local mean time (slnmlard) is used for all places within that zone. I'he central lines of 
the zones arc thus o'", 15 , 30,45,', and so forth, or .5,"’ apart IE or W. ef tlic common standanl, Hnt in 
Cape ColonN' and some of the other South Afric.in Colonic^, Now Zealand, India and Hiinna, for reasons of 
practical convenience, ihe central meridians have been fixed at i| hours, hours, 5^ hours and hours, 
respectively, in advance of Greenwich time ; that is, 22" 30', 172 ’ 30', 82" 30' and <>7" 30' K., re spectively, of 
the common meridian. On the meridian of 180’the time diffcMS by , 2 hours, east or west, from that of 
Greenwich, and provision has consequently to be made here for tlio chanj^e* of date or — according as 
the movement Is eastward or westward. 'I'o the cast of the line the date pie\.iils which has come round 
j^radually retreating by America, and to the west of the lino the d.ato that has come round gradually 
advancing by Europe. 'Thus, if on the “date line'" the date brought America were the 15th, that 
brought vt>i Europe w'ould be the 14th; and the change would be made to the 14th if moving west, and to 
the 15th if moving east of the line of division, respectively. 
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Place, 

Kingdom, Province 

Latitude. 

LoNCrlTUUK. 

Heighr 

above 

or State. 

In Arc. 


In time. 

M. .bea 
Level. 




0 / // 


h. m. s. 

Feet. 

Adelaide 

Australia 

34 55 39 s. 

138 35 ^5 E. 

9 14 20 P. 

141 

Aden Light-liousc, Marshag ... 

Arabi.a 

I.! 45 4 i N. 

45 00 ft) h 


3 00 15 F.. 


Agra l''ort * 

United Provinccs(l) 

27 10 5; N. 

78 01 12 h 


s 12 05 K. 

551 

Ahmedabad City Tower Clock * 

Bombay ( 1 ) 

23 (ti 26 N. 

72 34 47 1 


4 50 K) E. 

Ahmednagar City ... 

>> ’1 

ig 05 S 5 N. 

74 44 25 t 


4 58 59 E. 

... 

Ajmere, Taragarh Port * 

K.ajput.ana (1) 

26 26 ',0 N. 

7+ 57 


4 58 .'8 E. 


Akyab Poii.t, G. T. S. Station* .. 

Ar.ikan (B) 

20 ot) 45 N. 

9 ^ 53 8 b 1 


6 11 36 K. 

10 

„ G. T. S Station, on old Temple * ... 
Allanmyo, G. T. S. Station, on Hill * 

M ,1 

20 u8 53 N. 

92 5 - .sb 1 


0 11 31 R. 

7 -’ 

Minbu(B) 

19 22 27 N 

95 ‘3 2b I 


6 20 SI P. 

281 

Alguad.i Light-house * 

Irrawaddv (B) 

15 42 i 4 N. 

94 12 ‘>3 1 


0 10 48 P. 

4 

Allahabad Port M ig Staff * 

United Provinccs(I) 

,’5 26 00 N. 

81 52 41 1 


5 27 31 P. 

... 

Amherst, G. T. S. Station * 

Ten.asserim (B) ... 

16 04 N, 

97 33 S' 1 


, 0 ^0 16 P 

14 

„ Pagoda* ... 

>» «» • • 

16 {)4 14 N. 

‘)7 33 38 h 


0 30 15 P. 

... 

Amritsar* 

Punjab (I) 

31 37 12 N 

74 42 s7 P 


4 58 5 > E. 

... 

Arcot Port, Nabob’s House * ... 

Madras (I) 

12 54 16 N. 

79 19 57 P 


5 17 JO P. 

... 

Ballasore Spire * ... 

Bengal ( 1 ) 

21 ^0 12 N. 

80 55 .[2 h 


5 47 43 E. 


Bangalore, Commissioner’s Plag St.aff * 
Bangkok, British Consul-General’s Flag 
Staff.* 

Mysore (I) 

12 58 52 N. 

77 35 .sO P 


5 ro 22 K. 

3 d 3 ' 

Siam 

13 44 .43 N. 

100 32 28 P 


0 42 10 P. 

t22 

Bangkok, Phukhacthong Station * 

„ H. M. King’i Flag Stall • 

n • • • 

13 45 10 N. 

100 30 20 E 


0 42 oj P. 

137 

,, 

13 45 “2 N. 

100 29 32 K 

. 

6 41 5 ^ P 

5O0 

Bareilly Church * ... 

Uf.ited Provinccs(I) 

28 22 05 N. 

79 ^5 31 


5 '7 4 -' 

Baroda Clock Tower * 

Bombay ( 1 ) 

22 17 50 N. 

73 1- j' 


4 52 50 P. 

185 

Basscin Jail * 

Irrawaddy (B) 

16 .|6 44 N. 

94 44 18 P 


0 18 53 E. 

40 

Bdl.iry Port * 

Madras (I) 

15 oS 57 N. 

;6 5 | 3 « !'■ 


5 ^>1 39 P- 

1,976 

Benares Hindoo Obscrval'Ty * ... 

United Provinces (I) 

25 18 26 N. 

hS 00 38 h 


5 5.! "3 IC 


Beilin ... 

Crermany 

52 30 i; N. 

'3 23 43 


0 S 3 35 

112 

Bhamo * ... ... ... 

Mandalay (B) 

24 15 27 N. 

96 20 30 P 


6 25 22 K. 

391 

Bhawalporc City * ... 

Bh.awalpore ( 1 ) ... 

20 23 .^5 N. 

71 40 3; ii 


4 4 b 42 P. 


Bhilin^ Hill * 

Tcnasserlm (B) ... 

17 13 S 9 N. 

07 n '^’2 h 


0 28 55 P. 

193 

Bhop.'d Palace 

Bikanir * 

Central India (I) ... 

15 .>S N. 

77 23 22 p 


5 ‘'9 34 E. 


Rajpiitana (I) 

28 oi Ip N. 

73 20 20 l!, 


4 33 20 p. 

... 

Blue Mountain * 

Arakan (Bj 

21 21 30 N, 

93 15 P 


0 12 13 E. 


Bombay (Colaba) * ... 

Bombay ( 1 ) 

18 53 45 N. 

72 48 5(> E 


4 SI 16 PL 

II4 

Brisb.ine 

Australia 

27 2S 00 S. 

15 i 01 36 P 


10 12 06 P. 

... 

Hurdwan Town 

Bengal ( 1 ) 

23 1=; 50 N. 

87 51 07 p 


5 51 .15 E. 

• •• 

Cachar Cluiicb * 

Assam (I) 

24 49 42 N. 

92 .pS 14 P 


Oil 13 P. 


Cachar Tomb * 

M ••• 

24 49 N. 

92 48 02 l-'l 


6 11 12 K. 


Calcutta, Port William, Semaphore Tower * 

Bengal (I) 

22 33 25 N. 

88 20 07 P 


5 oO 41 P. 


„ .St. Xavier’s College Observatory... 

j» >♦ ••• 

22 32 51 N. 

88 21 21 P 


5 53 2S P. 

... 

Calicut, Flag Stall * 

Madras ( 1 ) 

II 15 op N. 

75 4 " 14 E 

. 

5 05 P. 1 

... 

Cambridge 

Pngland 

52 12 52 N. 

0 05 4 i E 


0 00 23 K. 1 

92 

Cannanorc, Flag Staff * 

Madras (I j 

II 51 12 iN. 

75 22 lo F 


5 29 P. 1 

... 

Cape Comorin * 

Trav.inCvarc (I) 

08 04 00 N. 

1 77 33 07 1- 


5 10 13 P* 

... 

C.apc of Ciood Mope 

Africa 

33 5 b (>4 S. 

18 28 41 K 


1 13 55 P. 

52 

Cawnporc Christ Church 

Chaito fown Pagoda * 

United Provinces(I) 

26 28 15 N. 

80 21 II P 


S 21 25 P. 

408 

Tenasserim (B) ... 

17 18 50 N. 

<>7 01 48 P 


6 28 07 PL 

... 

China Bakocr New Light-houbC 

Chittai^ong Judge’s Court * 

Pegu(B) 

16 16 33 N. 

96 II 37 K 


6 24 47 P. 

29 

P>enga! (I) 

22 21 Oi N. 

91 50 10 P' 


6 07 ji K. 

... 

Cochin Phg Staff * ... 

Othin (I) 

9 58 07 N. 

76 14 20 P 


S 04 58 E. 

... 

„ fa’ght-housc ... ... ... 


9 57 47 N. 

76 II 11 R 


5 04 45 P. 

... 

(miombo 

Ceyion 

6 56 06 N. 

12 25 1 1 N . 

79 4O 26 R. 

5 19 1-^ P. 

... 

Coorg, Mcrc.ara Port * ... ... 

t.oorg(l) 

75 44 19 E. 

5 02 55 PL 

3,804 

Cuteli, Bhooj Town Temple 

Bombay (I) 

23 14 52 N. 

69 40 .t7 P 


4 3 ^ 39 P- 


Cuttack I'ort * 

Ikn^al (I) . 

20 29 04 N. 

85 52 55 E 


5 43 2S PL 

13a 

Dacc.i City 

ft }$ • • • 

23 42 

90 23 26 K 


6 01 34 K. 


D.irjccllng Church * 


27 02 48 N. 1 

88 16 02 h 


5 53 04 P 

... 

Debra Dun (New Observatory) 

United Provinccs(I) 

30 19 29 N. 

78 02 54 h 


5 12 12 P, 

2,255 

,, West Pud Base * ... 

»> >f 

30 19 3fi N. 

77 51 35 E 


5 11 2O PL 

1,958 

Delhi Fort * 

Punjab (I) 

28 38 58 N. 

77 13 5 b P. 

5 5b P- 

Dholpore * 

Raiputana(l) 

26 4 i p) N. 

77 50 48 P 

. 

5 II 23 E. 


Diamond Island, F’lag Staff * ... 

Irrawaddy (B) 

i 5 51 48 N. 

94 16 48 


0 17 07 PL 

124 

Dibrugarh Church * 

Assam (I) 

27 29 13 N. 

94 54 28 P 


6 19 38 P. 

394 

Dinajpoor Station * 

Bengal (I) 

25 3b 34 N. 

8S 37 38 E. 

5 54 31 P- 

Double Island Light-house * 

Tenasserim (B) ... 

15 52 26 N. 

97 35 12 F. 

6 30 21 R 

89 

Dublin (l)unsink) ... 

Ireland 

' 53 23 13 N. 

0 20 17 W. 

0 25 21 W. 

157 

p.astern Grove Light 

Pegu (B) 

j 16 30 01 N. 

96 23 15 E. 

6 25 33 E. 

124 

Edinburgh (Bl.ackford Hill) ... 

Scotland 

1 55 55 28 N. 

3 n VV. 

0 12 44 W. 

348 

lUephant Point Column * 

Pegu(B) ... 

! 16 28 43 N. 

g6 20 42 P 


6 25 19 R. 

142 

Fyz.abad, Sooja Dowla’s Tomb * 

United Provinccs(I) 

26 46 45 N- 

82 09 -6 E. 

5 28 38 E. 

33a 

G.an jam Port * 

Madras (I) 

9 22 30 N. 

85 03 25 E 

5 40 14 E. 

G.arhwal, Badrinath Hill * 

United Provinces(I) 

30 44 N. 

79 17 46 K 


5 17 07 PL 

23,210 

Gauhali Church * ... 

Assam (I) 

26 II 17 N. 

91 44 53 P 

. 

6 07 00 PL 

268 

Gl.asgow... 

Scotland ,,, 

55 52 43 N. 

4 17 38 VV. 

0 17 11 W, 

' . .1 

Goa, St. Dennis’ Church * 

Portuguese Terri- 
tory (1). 

15 21 24 N 

73 53 56 E 

4 55 3b PL 

... 


OBSERVATION, 

t Ground level of Bangkok. 


2(*4, line 43, cofumn 5, for “5 06 4i 
5 53 20 K/' 
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Kini^dom, Provircc 
or .State. 


LoNfilTUDB, 


(joalp.'ir.'i I (ill over City * 

(jorakhpiir Jail * 

Greenwich (Royal OliservatOry) 

Gwa'ior Hill Temple * 

Henzada Jail * 
llongkoni'- 

Htant.nbcng G. T. S. St.'ition * ... 
Hydcrab.ad, Residency Rkig StalT * 

„ Morning (iun 
Indore Palace * 

Jrabalpore, Deputy Commissioner’s Office 
je^nlmir h'ort * 

Jeypore * 

Icy pur Town 
}odhpore b'ort * 

Jugguinatli Great Temple 
k.abul 

Kal.'ig.'iuk Pl.ind * 

Kali.nnpur * (Or igin of G. T. S ) 

Kashmere, Hari Parb.at, S. B.astion * 

Katha d own 

Katm.andii 

Kew 

Khelat ... 

Kota Fort * 

Kurnool, Judge’s Court * 

Kurrachec Observatoiy * 

Kutubdi.H Light-house * 

Kyaukpyu, NVcstcrnrnost Bungalow * 
Kviuktan Pagod.a * 

Lahore, Badshalii Mnsjid * 

Landour, Catholic (dhapcl * 

Legu, Court-house ' ... 

Leh Fort * 

Lcmcin.i Stone P.agod.'4* 

Lhassa .. 

Liverpool (Ridston, Birkenhead) 
Lucknow Observatory * 

Madr.as Observatory ♦ f 
Madura, .S. Ciuparam ol 'remple * 
Malacca, Flag Staff 
Mandalay, Mandal.iy 1111* 

„ King’s P.alnce 
Manipur, west of Raja’s Palace * 


Martab.m P.agnda on 1 lill.near Circuit-house d'cnasscrim (R) 


Masulipatam Fort Church 
Mawdeng Great Pagoda * 

Meerut Church * 

Meiktila, Yuba Hill » 

Melbourne New Observatory ... 
Mergui, Court-house * 

Middle Moscos, Northern Island * 
„ Southern „ ♦ 

Midnapore Pnrk-h"use • 

Mirzapore Court-house * 

Monghsat, old Pagoda * 


Assam ( 1 ) I 

Unit'd Provinces(I) i 
Lngland 

Central India ( 1 ) ... ' 
Irr iw.nddy (R) 

( hina ... 

Pegu (R) 

11 ydi r.'ibad (1) ... 

;Sind(I) ... ' 

' (.’entral Indi.t H) .. 
j Central Provincosfl) 
R.ijputana (1) 

]cypur(l) 

Rajpntana (I) 

Reni».d (1) 
Afgh.'inisian 
I'en.asstTim (R) ... 

(Cntr.d India (I) ... 
Kashmcre(l) 

, Mand.ilav (R) ... 

, Xcpaul (I) 

1 Lngland ... I 

Rclnchisian 
i Rajpntana (I) 
Madr.as (I) ' 

I Sind ( 1 ) ... ! 

' Arakaii (R) ... | 

Pegu (R) 

Punjab ( 1 ) 

. United Provinces( 1 ) 

Peg-> ( 1 ^) 

K.isl nr re (I) 

Pegu (R) 

; Thil'ct 
I'aigl.ind 

United Provinces(I) 
Madras (I) 

M ‘ 1) ••• 

M.ala era 
.Mandalay (R) 

M.inipur St.ite (I) 


M.'idr.'is ( 1 ) 
Irraw.idcly (R) ... j 

United Pr()vincc.s( I) 1 

.^^elktiIa (B) ... j 

.Au.stralia ... j 

Tcnasscrim (B) ... 


Bengal (I) ... ! 

United PrGvinrcs(I) 
I'ribuiary .Sh.in 

St.atcs (R). 
Piinj.ibfi) 

Bengal (1) 
Tenasserirn (B) ... 


Mooltan Railway St.atlon * ... ... Punj.ib (1) 

Moorshedabad City ... ... ... Bengal (1) 

Mopun P.agcda * ... ... ... Tenasserirn (B) ... 

Moulmein G '1'. S. .Station, near Hill Mag „ „ 

Staff.* 

Moulmein, M.aster Attendant’s h'l.ag Staff ... „ „ 

Mount Abu * ... ... ... Rajpntana (I) 

Mount F.verest Peak * ... ... Nepaul(I) 

Mount Hamilton (Lick) Observatory ... America U. .S. 
Mussoorie Church *... ... ... United Provinccs(I) 

Myanaung G. T. S. Station, in hrspital Irrawaddy (R) 
compound. * ! 

My in mat i, Fort Steadman * ... ... ■ Southern Shan 


51 

28 

38 N. 

0 

00 

00 


f) 

00 

00 


:6 

13 

10 N. 

7 « 

Cl) 

54 

\\ 

S 

12 

40 

R. 

^7 

^.9 

00 N. 

9 S 

27 

43 

E. 

6 

21 

S* 

IL 

22 

18 

13 N. 

114 

20 

28 

E. 

7 

36 

42 

IL 

16 

30 

37 >J* 

96 
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My in mat i, Fort Steadman * ... ... Southern Shan 20 36 21 N. 

__ State s (B)^_ 

OBSERVATIONS. 

t The TIiirr.Hrd-Conyngha'in telegnphic determinaiion of the longituilc of M uln.! .-is obt.iincd in is 

a value which Is o'jSu. =4’36o'^ less Ilian that which has hitherto been rcgirded a*, tlie most .icrnr.ite av.iilable, 


6 30 29 E. 

4 bo 51 B. 
f; 47 42 K; 

8 (.6 35 W. 

5 12 l(> K. 

6 21 14 F. 


97 01 24 E. 6 28 06 E. 


207 n .“.gM 171. ;in time) - Fo® 14' 47 'oS 5 " t*** ^7® ) ’ 

viz., the C. iiipt.cll- Heaviside clcclro-teIegr,nphlc .Ictc^- 


)ptcd for the tri.angulatum ot Ihetf. i. Surrey is thus + 3'atrSo" (i.e., No 17 2i"’So 14'47*00"-7'n"; 'lyIT 11 V, ur^rr-iilnotel as the Iwsis 
L, 80“ 17' 14' 47 *o 6"-6-76") bv tlie old angular measurements. If therefore the astronomital v.iUic for the lor.gitmlc of K.illatHnir were ^ * 

! longitiule of Madn.s calculalecl from the u-vised triangnlation would be So" 14' ‘ii'-o" (i e., 77" 3/ I 7 ' 57 " + .IS’ ')■ Accordingly, for . •? 


a vainc wnicn IS o- 3 S»/.= 4 - 300 " less man tliat wnicli nas imiierio DCvn regiraen as me iiiosi .icfiu.iic aviiiaoir, i/ic., u.v .. . r , V 1. , /_ 

minatioo In 1S7S of <^h ioni. 59 ' 42 ir. (In tiinc)-^So" 14' 51*315" (in are). Sin.e tlicn (vide N. A. for ig.jg), the Inn^itodc, in lime, h,is been fixed at s«. a j • 

81)" 14' 54 * 30 ") wliich is the most recent A'rodfOc V. line as distinguished from the former aitmnomical v dm*. Kalianpiir it tlic asuonomic.il orig " ‘ . . 

longitude of the Indian G. T. Surrey. The aslrmoiniral v,dues tor Kali mpnr and Madias .ire 7/" 1/ I 7 ‘i/" I'lid So" 14 47 ^ ' v m r# th n ihc 'islro* 

a* 35' ao*4g". nut as measiiied by the rtvitunary triangiilatio i the ditlcrcncc in loiiiTitiidc between the two places is a" 3 S' a'*’/' ‘ ‘’’•Ttbr laiU of loiu'ilude 

nomic.il determination, as against 6*76" imie by the old tri.mgnl 'tio'i when tlie dilTerencc in l.mgitnde was put at 3" 35' 36 ‘i 5 ■ * ....uinet 4. 3) 27*18" 

adopted for tlie tri.angulation of the G. T. Snney is thus + 3' 26*80" (t.t.. No" 17' 21"^ 80" ,4' 47-t’^-"- 7-i 1") by the neiv basis 

(i.e., 80“ 17' 2i"-Si)‘’ 14' 47-o 6"-6-76") bv tlie old angular measureincnts. If therefore the astronomical v.iUie for the lor.gitmlc of Kall.itHuir were ^ * 

the longitiule of Madn.s calculated from the u-vtsed triangnlation would be So" 14' 5r’o" (i e., 77" 3/ I 7 ' 57 " + .tS’ ')■ Accordingly, for . •? 

longitudes arc now rcfcrriblc to the Greenwich meridian taking the longiuule of Mailras— 

(I) for the Map of India on the scale of i ; i.oon.ooo, ;.s So® 14' 51" E. (Gore, igoo), the most recent gcodelle value; Cnrvev and a further 

(il) for the new Atlas sheets, as Ho® iR' 30"il. (Lanibloii, 1.8115) ; thc-e rc«iuirc a correction of—1' 0" to m.ikc them accord with the i. survey 
correction of -a' 37" to make tliein accord with the most recent value of the geodetic longitude of Madr.-is Observatory, viz., 80 14 J’ ' 

(iii) for standard sheets and all mapping h.ascd on the longitude of the G. T. Snr\cv, as So® 17' ai" E. (Warren, 1815) ; these requi e a 

make them accord with the most recent value of the geodetic longitude of Madras Observatory, viz., Ro® 14 S 4 . ^ ,„,*/< d \, of Kalianpor arcl 

The latest values of the latitude and longitude of Madras .arc (N. A., 1,910): X* 13" 04'o8*o" N,, L, 5/1. aom. 5 '/ 62 r. b. (-80 14 54 30 C.)) n V 

X, U® 7 ' irad" N., I.. 77® 39* J 7 ’ 57 " E. (= 5 ^, torn, 37’i88i. E.). _ 

t Ground level (deducted) of palace. 
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AID TO LAND-SURVEYING 


Place. 


Kingdom, Province 
or State. 


1 


Myo Telegraph bungalow * 

Mysore Palace * ... ... ; 

Nagpur Town 

Nanthakun, or Powl Island, Cei tr.al Hill ... 
NHlore Church '1 owcr * 

New York, Columbia College ... 

Nowgong jail* ... ... 

Nugiian Is’an 1 , Tree • 

Oodcpore * 

Oxford, Radcliffe Observatory ... 

,, Univci'vity Observatory 
Ox’s 1 1 ump, Nwalabo Peak * ... 

Panakha Town 
Paris Observatory ... 

Patna Gcla* 

Pegu Pagoda* •• ••• 

Penang, George Tosmi, Fort Cornwallis Mag 
Staff. 

Peshawar* 

Point de Galk;^ 

Pondicherry, Flag .Staff* 

Poona, St. Mary’s Church * 

Portlllair* 

Prome G. T. S .Station, on Hill * 

Pagoda on hill, near P.ihn Trees * . 

Pulkowa... 

Purian Point * 

Ouoin Island ♦ 

Rangoon Great P.agoda * 

„ Port Trust Observator) * 

" Secretariat (old) * 

Rome, Roman Colh ge 
Sagaing, Mingun bill* 

Sandoway, Nando Temple* ... 

S.avngc Mand laglit-lviise ^ ... 

.Seringap=ttam, Tipoo Saib’s Tomb 
Sbikarpore bouse •■. 

Shillong, CTurt-bouse 

Sbweg>in G. T. S. Station* ... 

.Sbwesandaw Pagoda, near Iw.^ntc 
Silhcl Chunh * 

Simla Churcb* 

Singapore Hattery ... 

SittangPagc.da* . , , * 

Southern Mosces, N* rtbern Island ♦ 

„ Southern „ * 

South Kensington, London, S. W. 
Stonyhnrst 

Surat Minaret Adiusah * 

Sydney ... 

Syriam Pagoda * 

Tanjorc, Great Pagoda * 

Taungg\i, L< i Phui Hill* ... .. 

Tavoy, Court-house ... 

„ Point, Shengmo* 

Teheran ... 

Tfzpur Church * ... 

That^n T( wn Pagoda * 

Thayclmyo Jail, Flag Staff* ... 

Three PagoX'is * 

Toungoo, Court-hi use * 

„ old Fort*... 

Trichimpoly C«. 1 . S. Station ... 

Trivandrum Cireat Pagoda * 

Tumlong Town .• 

Twante ICastern Tree* 

„ Western „ * 

Vienn.a Imperial Observatory ... 
Viz.'igapatam Fort ... 

Washington Naval Observatory 

Wun Fort 

Yarkand 

Yeh G. T. S. Station* 

Yunnan-fu* 


Arak.an (H) 

Mvsoic ( 1 ) 

(. entral Piovinccs(I) 
Arakan (b) 

M.aih as (1) 

America U. S. 

.\ssam (1) 

.\r.d< in (B) 
Kajpiiiana (1) 
Kngl.md 

Ten as scrim (B) 
lioolan (I) 

France ! 

Bengal (I) 

I'egu (B) 

Penang 

Pimj.ib (1) 

CTylon 

Fn nch Ti riitory (I) 
Bomb.iy (1) 

Andanun Islands 
Pegu ( 11 ) 

Rus>ji.i 

In.-uv.idtly (H) 
IVnasscriin (B) 

Pegu (I'O 


Iialy 

.Sag.iing (B) 
.\iakan (B) 

.Mysore (1) 

Sind H) 

Assam ( 1 ) 

Tcn.a'.S'Tim (B) 
Pegu (B) 

Assam ( 1 ) 
Punjab (I) 
Singapore 
'renasscriiu (B) 


Fngland 

Bombay ( 1 ) 

• AuHialia 
Pegu (B) 
Madra. ( 1 )^ 

S uibern Shan 
; States (li)* 

Tt n.isserim (B) 

Persia 
Ass.'im(l) 
hf nas«^ei im (B) 
. Minbu (B) 
Tenasscrim (B) 


I M.adras(I) 

I I'ravaneore (I) 

' .Sikkim 
I Pegu (B) 

i Austri.i 
I Madras (I) 
America U. S. 

I Berar (I) 

! R. Tuikcst.in 
I i en.'is'^erim (H) 
1 China 


Latitiido. 

Longi 

In Arc. 

runE 

In Time 

Height 

above 

M. Sea 
Level. 

0 1 u 

0 1 II 

h. m» A'. 

Feet. 

20 i6 3S N. 

c)2 44 55 

6 10 58 E. 

... 

ij 18 17 N. 

76 39 14 E. 

5 bO 37 E. 


21 09 i.i N. 

79 ob 2b K. 

S 16 26 K. 

,,, 

18 03 5T N. 

91 05 35 K. 

6 lb 22 E. 

... 

U 20 38 N. 

7 <) 53 54 K- 

5 '9 5^1 E. 


40 4 s 23 N. 

73 58 25 W. 

+ 55 5 + W. 

... 

2() 20 33 N. 

92 40 56 K. 

! 6 10 44 E. 

21S 

18 26 07 N. 1 

93 54 29 E. 

6 15 58 R. 

... 

24 iS I‘J M- ' 

73 4 « .19 E. 

6 53 43 


45 3 s N. 

I 25 30 W 

j 0 05 0^ W. 

213 

51 4,1 .n N. 

I 25 cb W 

0 oc; fO W. 

210 

24 37 ‘N- 

98 25 31 E. 

' 6 33 42 E. 

5.003 

27 32 10 N. ’ 

8.) 50 20 K. 

5 59 22 E. 

4.534 

48 =0 11 N. 

2 20 14 It. 

0 09 21 It. 

194 

2% 37 1.2 N. 

85 08 23 It. 

5 4 '- 34 E. 

172 

17 20 10 N. 

90 29 54 E. 

6 .’b 80 E. 

378 

2 25 N. 1 

00 20 10 It. 

1 6 41 21 E. 


34 01 47 ^ 

71 3^ 07 R. 

4 46 17 E. 


() 01 4"^ N. 

80 13 28 R. 

1 5 ;n 54 R. 

... 

II 58 57 N. 

79 40 .S 9 1 '- 

1 5 lo E. 


iS .,() 23 N. 

73 52 59 E. 

4 55 32 It. 


II 41 13 

((2 40 IC) It, 

() It) 41 It. 

73 

18 CO 01 N. 

(15 ID 54 R. 

() 20 44 It 

900 

i 3 .17 53 N. 

95 15 49 E. 

1 6 21 03 E. 

... 

59 40 K) N. 

30 20 07 It. 

1 2 01 21 It. 

246 

50 oO N. 

91 5! E. 

i 5 u 36 le 

79 

14 lb 33 N. 

97 48 2b It. 

6 31 14 It. 

1,187 

16 4; 51 

(;b 09 03 It. 

i 6 24 36 It. 

483 

16 46 0.) N. 

<^() U) 28 It. 

1 6 24 4^ E. 

... 

lO 40 M N. 

(6 (K) 31 R. 

' 6 24 38 E. 

8i 

41 5 > 54 N. 

IJ 28 53 R. 

0 49 c;b It. 

104 

22 03 lu N. 

95 i ’9 .V' 

6 2^ 5« E. 

1,328 

18 2S 09 N. 

91 21 47 It 

6 17 27 It. 


20 05 07 N. 

92 ()> R 

6 11 36 R. 

T14 

12 24 35 .N. 

Jb 42 18 R. 

5 ^'6 51 It. 

2,282 

-7 57 '.iN. 

fS 17 52 R. 

4 54 3 -i E. 

194 

2S 34 iS N. 

91 .Si <'9 E. 

b 07 33 It. 

4.951 

17 ^5 30 

96 52 58 R. 

6 23 45 E. 

157 

16 42 Cl) N. 

95 5b 09 It. 

b 27 32 E. 

123 

24 SI 43 

91 52 06 R. 

6 07 29 R. 


31 06 13 N. 

77 10 15 E. 

5 08 41 E. 

7.159 

1 17 00 N. 

103 50 28 R. 

, ' 6 5S 22 It. 


17 27 oti N. 

«/j 52 H) E. 

b 27 32 E. 

” 138 

13 .85 .24 N. 

97 54 S 3 Iv 

6 31 40 E. 

871 

13 ()i N. 

97 54 59 E, 

6 31 40 E. 

1,186 

51 .’•» 4 ') 

0 10 21 W. 

0 00 42 W. 

... 

53 5 ^ • 

2 28 ID W. 

0 09 53 W. 


21 12 19 N. 

72 4() 23 It 

4 31 18 It. 

iCn 

33 .^i 4 * 

15] 12 2^ It 

lo 01- 50 K. 

144 

lO 43 40 N. 

f/i lO 20 It 

6 25 05 E. 

3‘’5 

11 01 37 N. 

79 51 i» E 

3 10 23 R. 

... 

20 13 «7 N. 

97 04 40 It 

6 28 19 R. 

6,122 

14 03 00 N. 

! 98 14 27 It 

' 6 32 58 E. 

69 

13 3 -' 44 N. 

1 98 10 04 It 

b .^2 40 E. 

1,131 

■ 344.: ‘oN. 

51 25 2s K 

; 3 25 42 E. 

3,810 

26 37 

, 47 4 ^ 

C n 11 E. 

3 b 3 

lb 54 51 N. 

1 97 22 16 It 

6 ^9 29 R. 

... 

19 19 17 N. 

! 95 11 P) I' 

6 20 37 E. 

86 

• IS 17 5 b N. 

98 23 13 K 

f> 53 33 K. 

848 

18 56 .32 N. 

t/j 27 41 E 

i 6 23 47 E- 

177 

18 5b 02 N. 

! 9b 25 49 It 

1 6 25 43 E. 

182 

I 10 49 45 N. 

1 73 4 > 37 1 '- 

5 '4 47 li. 

... 

8 29 03 N. 

76 56 35 

; 5 07 46 R. 

... 

, 27 23 50 N. 

1 88 35 01 It. 

5 54 20 E. 

6,000 

; 32 43 N. 

95 58 28 It 


6 23 54 R. 

286 

i 16 2« 12 N. 

95 57 13 E. 

6 23 49 E. 

156 

1 43 >3 55 N. 

16 30 21 R. 

I 05 21 E. 


I <7 41 34 N. 

83 17 38 E. 

5 33 >> E- 

... 

i 33 53 3 '» N- 

77 03 01 W. 

5 08 12 R. 


! .0 03 07 N. 

78 57 lb E. 

5 15 49 E. 

”863 

1 f.,8 -0 CO N. 

77 3 ^' 28 E. 

3 10 02 It. 

3.923 

1 15 14 45 N. 

97 51 14 E. 

6 31 J5 E. 

86 

i ^5 0^ 38 N. 

i 

102 42 32 E. 

6 5 b 5 b E. 

1 


observation. 

' Burma Standard Time (=6/j. 3o;/i. F., corresponding to longitude 97° 30' E.) is 05;;/. ? 05 . in advance of Rangoon Time 
(=6/j. 24^.405. corresponding to longitude 96® 10' E.) 
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THE NAUTICAL ALMANAC. 

81. Nautical Almanac and Astronomicai. Epiikmkris. The 
followinj^ * explanation of some of the more important articles contained in the 
Nautical Almanac and Astronomical l^phemeris Avill prove useful. 

All the articles of Epliemcris arc computed for Greenwich MILAN solar 
time ; and where tlu^y nre given for apparent solar or sider(‘al tinu*, it is chiefly 
for the convenience of astronomers. A/^4nMS the Interval of tinui between the 
departure of any meridian from a heavenly bodv and its succeeding return to it, 
and derives its name from the body with which the motion of the meridian is 
compared. The interval between the departure and return of a meridian to 
the Sun is calUal a solir day ; in the case of the Moon, the interval is called a lunar 
day ; and in that of a Star, a sidereal day. The rotalion of the Earth on its axis 
is always performed in the same time ; and if the heavenly bodies preserved the 
same positions with ri'speet to each other, the inti^rvals bdween the departure and 
return of a meridian to each would be the sanu‘, and all days, consecpiently, of 
equal length. The Sun (cw more strictly, the Earth in its orbit), the IVIoon, and 
the Planets arc, however, in continual motion ; and with velocitic’s not only different 
from each other, but varying in (‘ach particular bodv ; the length of a day, as 
determined by any of these bodies, is therefore a vaiiabU* quantity. 

Astronomers, with a view of obtaining a convenient and uniform measure of 
time, have recoursi^ to a mean solar day^ the length of which is equal to the mean 
or average of all tlu^ apparent solar days in a ye ar. An imaginary Sun, called the 
mean Sun, is conceiveal to move uniformly in tin* ITjuator with the real Sun’s mean 
motion in Right Ascension, and the* interval between the departure of anv ineiidian 
from thti mean Sun and its succeeding rt'turn to it, is the duration of the mean 
solar day. Clocks and chronometers are adjusital to mean solar time; so that a 
complete revolution (through 24 hours) of the hour hand of one of these machines 
should be performed in exactly the same interval as the rotation of the ILaith on 
its axis with respect to the mean Sun. If the mean Sun could be observed on 
the meridian at the instant that the clock indicati'd o’* o"’o", it would again be 
observed there when the hour hand returned to th<‘ same position. As the time 
deduced from observation of the irue Sun is calUal true or apparent time, so the 
time deduced from the mean Sun, or indicated by the machines which represent 
its motion, is denominated mean time. 

Mean time cannot be obtained from obscTvation ; but it may readily be deduced 
from an observation of the true Sun, with the aid of the equation of time, which is 
the angular distance in tiino betw’een the mean and the true Sun. Suppose the true 
Sun to be observed on the meridian of Greenw ich, January i, 1907 ; itw'Ould then be 
apparent noon at the meridian, the equation of lime at this instant is 3’“ i8"’i8, 
and by the precept at the head of the eoliimn, it is “ to he added to apparent time 
hence it appears that the corresponding mean time is January i, 0'' 3”' i8‘’‘i8, or 
that the mean Sun had passed the meridian pr(;viously to the true Sun, and that 
at the instant of observation the mean time clock ought to indicate this time. 

Let a person be supposed to be under a meridian 15*^ West of Grecnw’ich. 
The positions of the heavenly bodies, as rehared to the centre of the Earth, are 
independent of meridians, and are the same for all places at the same absolute 
instant ; but the rekative times at Greenwich and the assumed meridian would be 
different. If it w'cre P' from mean noon at tluj one place, it could not be P’ from 
mean noon at the other; for time, as regards a visible pluMiornonon, is considered 
as the hour angle of the Sun 'leesheard from a given meridian, and at the same 
absolute moment of time the Sun (ainnot be at the same hour angle {reckoning 
westward) from tw'o meridians w'hich are 15"" distant from each other. ^ Before 
making use of the Ephemeris, it is therefore necessary to ascertain, in every 
instance, the distance of the Sun {in time) from the ineridian of Greenwich, or 
what is commonly called the corresponding Grecn\yich time ; and this is evidmitly 
equal to the given time under the assumed, meridian, increased or diminished 
by the difference {in time) of the two meridians, according as the assumed 
meridian is to the Westward or Eastward of Grecmvich. In a mean solar day or 24 

OBsERVATION\ 

t From the “ Nautical Almanac for 1907. . 
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mean solar hours, the Eanh by its rotation from West to East, has caused every 
meridian in succession from East to West to pass the mean Sun ; and since the 
motion is uniform, all the meridians 15° distant from c^ach other will liave passed 
the mean Sun at intervals of one mean hour ; the meiidian to the eastward passing 
first, or being, as compared with the Sun, always one mean hour in advance of the 
westerly meridian. When it is 6 ^ after mean noon at a place 15° West of Green¬ 
wich, it is therefore 7^' after mean noon at Greenwich ; and it is for this Greenwich 
time that we must deduce the quantities (meridian passages, or times of transit 
excepted) required from the Ephemcris. ^ 

The day of the month in the Ephemeris (Eage I excepted, being for 
apparent noon) is assumed to begin at mean noon of the corresponding civil day, 
or at the instant when a clock shows o", Greenwich mean time, and is con¬ 

tinued through the 24 hours to the following mean noon ; it may therefore be called 
the mean astrononiical day^ although, in practice, astronomers begin the day at 
the moment the true Sun’s centre is on their meiidian. 

In the civil, or common, metb.od of reckoning, the? day commences at the 
preceding midnight, and is countc^d only to 1 2 hours or noon, when the 12 hours 
are reckoned over again to the next midnight. 'I'he civil reckoning is therefore 
always 12'* in advance of the astronomical reckoning ; hence the w^ell known rule 
for determining the latter from the formv?r, vi::, :—In civil time, for P.M. make no 
change, for A.M. diminish the day of the month by i and add 12 to the hours. 

To each month tlierc are devoted twelve pages, distinguished by the Roman 
numerals I to XII. 

Page 1 contains for every loth day of the year 1907— 

Nidation. The t/ue plac:c of tlu‘ equinox at any time differs from its mean 
place by a quantity termed the Nutation, to b(^applied with the proper sign to a 
longitude reckoned from the mean equinox to obtain the value with respect to the 
true equinox. The Nutation in Right Asc'ension similarly serves to hnd the 
apparent point of intersection of the h'cliptic on the Equator. 

The SiiiCs Horizontal Parallax, or the angUi under which the equatorial semi- 
diameter of the Earth would appear at the Sun’s centre. 

The Sun's Aberration, or the difference between tln^ longitude and the 
apparent longitude of the Sun. If the true longitude of the Sun be required, the 
aberration must be added to the apparent longitude. 

The Sun s Mean Longitude. These quantities are affected with aberration. 

Hie Moon $ Mean Longitude. 

The Mean Longitude 0} the Moon s Ascending Node. 

7 he Mean Longitude of the Moon^ Perigee. 

Page 1 of each month. 

The contents of this page are adapted \.o apparent noon, or the instant when 
the Sun’s centre is on the meridian of Greenwich. The Suns Right Ascension, 
here given, is affected 'ieith aberration, and reckoned from the true equinox ; it is 
therefore the sidereal time at apparent noon, or the time which should be shown 
by a sidereal clock at that instant. The Suns Apparent Declination is the 
angular distance of the Sun’s centre from the Equator of the date, measured on 
the meridian. 

The Var, in i hour is intended to facilitate the reduction of the quantities 
from apparent noon to any other time. U is the variation at noon, and requires to 
be reduced to midway between noon and the time at which the R.A. Dec. or 
Equation of Time is required. 

The Sidereal Time of the Sun s Semidiameter passing the. Meridian is useful 
for reducing a transit observation of either limb of the Sun, when one only has been 
observed, to the transit of the centre. 

The Equation of 'Lime is the difference between apparent and mean time, and 
therefore serves for the conversion of either time into the other. The numbers 
here given show, for Greenwich apparent noon, the distance of the mean Sun from 
the meridian, or the portion of time to be added to, or subtracted front (according 
to the precept at the head of the column), Greenwich apparent noon to obtain the 
corresponding mean time at the same meridian, or the time which should be shown 
by a mean time clock. 
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Where time is deduced from observations of the Sun, the immediate result is 
apparent lime ; to convert it into mean time the equation of time is necessary. 

Pai^c II of each Month. 

The Sim's Apparent Right Ascension and Declination at mean noon denote 
the apparent position of the true vSiin reckoned from the true equinox, at the Instant 
the Greenwich mean time clock indicates 0''or when the hour ani^le of the 
true Sun is equal to the equation of time. 

The Semidiameter of the Sun is the angle at the centre of the harth 
subtended by the Sun’s semidiameter, and is required for reducing observations of 
the limb to the centre, as in measuring the altitude of the Sun’s upper or lower 
limb, or the distance of the Moon from the Sun. 

'rhe Equation of Time at mean noon serves more particularly to convert 
mean into apparent tiiv.c by applying the equation according to the precept at the 
head of the column. 

The Sidereal Time at Mean Noon i.s tlie angular distance of the first point of 
Aries, or the true vernal equinox, from the meridian, at the instant of mean noon : 
it is therefore the Right Asc'cnsion of the mean Sun, or the time shown by a 
sidereal clock at Greenwich, when the mean time clock indicates 0’' o'” o\ 

The sidereal time here given is that in common use among astronomers, and 
expresses the actual hour angle from the meridian, westward, of the true equinoctial 
point at the moment of observation. It is therefore alfmqccl with the equation of 
the equinoxes; and is not, strictly speaking, a mean or uniformly increasing 
quantity. It ought, thtmeforc, to be termed appannt sidereal ///;/^? in the same 
manner as apparent solar time reckons from the actual arrival of thi' Sun s centre 
on the meridian ; and in like manner, as mean solar time is reckoned from the 
arrival of an imaginary sun, moving uniformly with its mean v(*locity, so mean 


sidereal time or 


O’s tiK ;ui lon.u iUuli' 


would b(‘ reckoned frem the transit of, not the true^ 


but the mean equinoctial point. The smallnc'ss of the fluctuations to which a clock, 
regulated to apparent sidiueal time compared with one regulated to mean sidereal 
time, is subject (being at the utmost only 2'‘ g in a period of nineteen y(*ars), has 
prevented {\\c practical inconvenience of this from being felt, no clock being 
sufficiently perfiict to go during so long a period without frequent re-adjustment ; 
and as the corrections applied by astronomers to the observed right ascensions of 
all objt:cts are adapted to this supposed irregularity in the rate of the clock, the 
mean right ascensions thence deduced will be correct. ^ ^ 

The sidereal time at mean noon is uselul when mean solar time is^ to be 
deduced from observation, and for the reduction of sidereal to mean solar time, or 
vice versa, by a Table of Acceleration of Sidereal on Mean solar time', and the 
corn'sponding Table of Retardation of Mean on Sidereal time {see Tables 
XXXVI {b) and XXXVII (b), “ Calculating Tables,” 5th edition).^ 

The conversion of mean solar to sidereal time, and vice versdy may, however. 



values of intervals of each 
instead of the corrections. 

Page III of each Month. 

The Sun^s Longitude, here given, is affected with aberration, and reckoned 
from theequinox : it is therefore the apparent longitude of th^ Sun at the 

SSnt of mean noon ; or it is (if R denotes the Radius Vector) the true Longitude 
of the Sun at the Time o^— 498”5 aberration causing the Sun to appear behind 

Its Sun’s true longitude referred to tlic Mean Equinox of the 

bcainnin" of the year it is m-cessary to add the aberration, to subtract the 
precession, and to apply with proper sign the nutation, corresponding to the date, 

,0 n,. gun's cemru from the plane 

of the Ecliptic of the dale, measured on a great circle perpendicular to that plane. 
The Smi’s Latitude referred to the Ecliptic of the beginning of the year may 
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be found by applying to the latitude given on these pages^ the correction 
-f- o''’47i. t vsin (0+ 186 'o), where t is the fraction of the year corresponding to 
date the. and © the Sun’s true longitude. 

Logarithm of Ihe lull]ins Vector of the Earth is the logarithm of the 
distance between the centre of the Earth and thi^ true place of the centre of the 
Sun at mean noon, the mean distance, or the semi-axis major of the orbit being 
considered unity. 

The Mean Time of^ Transit of the First Point of Arus is the distance of the 
mean Sun from the meridian, at the instant when the true point of intersection of 
the ecliptic and equator (called the first point of Arii^s) is on the meridian of 
Greenwich ; and as the distance of the first point of Aries from the meridian, at the 
instant the mean Sun is on the meridian, is dtiionnnated sidereal timi'atmean 
noon, this may, by analogy, be termed the mean time at sidertal noon. It is the 
time by a mean time clock adjusted to the Greenwich meridian at the moment that 
the sidereal clock indicates exactly o’‘ o"' o\ 'fhe use of this column is to facilitate 
the reduction of sidereal to mean solar time, with the help of the Table of Time 
Equivalents {see Table XXXVII (a), “ Calculating Tables,” 5th (alition). 

If the place of observation be not on the meridian of (Jreenwich, the mean 
time must be corrected by the subtraction of 9" 8.196 for each hour (and proportional 
parts for the minutes and seconds) of longitude, if the place be to the West of 
Greenwich; but by its addition, if to the hkist. 

The Moon's Semidiameter is the angle under uhicli Iu.t semidiameter would 
appear if viewed from the centre of the Earth ; and the Ifori::ontal Parallax is the 
greatest angle under which the Eartlds equatorial sc'inidiameter would appear if 
seen from the centre of the Moon. The former is requisite to obtain the position 
of the centre from an observation of the Moon’s limb^ as in all casi.'S of altitudes 
or lunar distances ; the latter, to compute [ho horizontal parallax oi the Moon at 
any given Latitude on the Earth, considered as a spheroid \ also to find the 
parallax in altitude, right ascension, etc., for reducing an observation of the Moon 
to what it would be if made at llie centre of the Itarth. 

Page IV of each Month. 

The MooiPs Longitude and /Altitude at mean noon and midnight indicate 
the position of the Moon at these respective times, nderred to the true equinox 
and the Ecliptic of the date, as it would be seen from the centre of the Earth. 

The Moon s Age at mean noon is tlie mean time elapsed since the Moon’s 
ecliptic conjunction with the Sun, or since the Sun and Moon had the same 
Longitude. 

The Moon's Meridian Passage is the Greenwich mean astronomical time at 
which the Moon’s centre is on the n/fer or loiver meridian of Greenwich. The 
asterisks indicate the day or which the Moon does not pass the upper or lower 
meridian at Greenwich. This occurs in every lunation, in consequence of the lunar 
day being longer than the mean solar day, and including it witliin its limits. 

The mean astronomical time of upper transit under any other meridian may be 
obtained by subtracting or adding the proportional part due to the longitude, of its 
preceding or following differenctq according as the longitude Is East or West of 
Greenwich. 

Pages V to XII of each Month. 

The Mooi/s Ih'ght Ascension and Declination for every hour of the day, 
with the Variation of Eight Ascension and Declination in jo minutes. The 
mumbers represent the position of the Moon, with respect to the true equinox 
and the equator, as it would appear from the centre of the Earth at the respective 
Greenwich times. 

The Pluses oj the Moon, These are given at page XII. The numbers denote 
the Greenwich mean astronomical time at which the difference of Lonentude 
between the Sun and the Moon is o'', 90^ 180" or 270°, being o'^at New Moon, 90^ 
at First Quarter, iSo"^ at Full Moon, 270'" at Last Quarter. * 

The Mooiis Apogee and Perigee. The numbers here given Indicate, to the 
nearest tenth of an hour, the Greenwich mean time at which the Moon is respectively 
at her greatest and least distance from the Earth. 
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Planetary EpJicmerides at ^^ean Noon. 

These pages contain tlie Geocentric and Heliocentric places of the Planets 
Mercury, Venus, Mars, Jnpiler, Saturn, Hranus and Neptune. 

'The Geocentric places are the phees of the centres of the planets, as they 
would appear from the centre of the Earth ; the Heliocentric, such as they would 
appear from the centre of the Sun at the corresponding date. The Geocentric 
Right Ascensions and Declinations arc affected 'icith aberration^ and are thiirefore 
apparent positions. 

The Heliocentric Longitudes are reckoned from tin.* mean equinox of the date. 

The Sidereal d ime of the Semidiameter passing the Meridian, or in case of 
Jupiter and Saturn—Sidcreal J ime of the hajuatorial Semidiameter passing the 
Meridian .serves lo reduce an observation of the Right Ascension of tlic limb to 
that of the centre, the vSemidiameter, or in the care of Jupiter and Saturn—the Polar 
Semidiameter, a similar purpose for the declination, and the Horizontal Parallax to 
reduce an observation lo the ('cntre of tlie Earth. 

T. he “ Meridian Passage” is the mean time of transit of the Planet’s centre 
over the meridian of (jrecnwich. As in the instance of the Moon before noticed 
the days on which Mercury and \'enus do not pass the irn ridian are indicated by 
asterisks, and for a similar rt'ason, via., that the planetary day is longer than the 
mean solar day, and includes it within its limits. 

Stars. 

In these pagi^s arc the Mean Right .Ascensions and Declinations of the more 
important Stars and their preccssional and pn^per motions for the year. The 
Annual Precession tog(‘tlicr with the yXnmial Proper Motion constitutes the Annual 
Variation, which is tin* actual ('hang(‘ in the Right Ascension or Dcarlination of a 
star during the year, due to the comlaned effect of prec(‘Ssion and proper motion. 
North Declination is considmaal p(csitive and South Declination negative;, and must 
be so taken in any reductions or logarithmic valiu's for wdiich they are used. In 
tlie column lieaded Mag. the ado[)ted unit of brightness is designated ro. The 
magp.itudes of stars arc determined lo tenths of a magnitude with reference to 
this adopted unit. 'The magnitucUs of the ten stars brighter than tlie unit are 
indicated by figures le>stlian ro: -thus the value 0 3 for Arctunis indicates that 
that star is seven-tenths of a magnitude brighter than the unit; tlic value— 1*4 for 
Sirius that it is 2*4 magnitudes brighter than llie unit. 

Moon-culniinatincf Stars. 

Those Stars are denominated Moon-cnlminating Stars which, being near the 
Moon’s parallel of Decimal ion, and not differing much from her in Right 
Ascension, are proper to Ix' observed with tlie Moon, in order to determine 
differences of meridians. This is effected hv comparing tin* differences of the 
observed Right Ascensions of such a Star and the Moon’s hriglit limb at any two 
meridians. If the Moon had no motion, the difference of her Right Ascension 
from that of tlie Star would he constant at all meridians ; hut in the interval of her 
transit over two diffmait meridians, her Right Ascension will have varied, and the 
difference hctw'cen the compared differences wall exhibit the amount of this 
variation, wduch added to the dilfcrence of the meridians, show's the angle through 
which the w'cstcrly meridian must revolve bcfi)re it comes up with the Moon; 
hence, and knowing the rale of her increase in Right Ascension, the difference 
of Longitude may be easily obtained. ^ • 

The geocentricMe Moons^ bright limb and Declination 
off her cciTtre, at the Instant of their respective transits at Greenwich, are given for 
the low'er, as wadi as the Upper Culmination, L. d(‘noting the Lowar Culmination, 
and U. the Upper Culmination ; the Roman numerals indicate the bright limb of 
the Moon. The Moon’s age at the upper transit is inserted in the column contain¬ 
ing the magnitudes of the Stars. ^ r t 

The numbers in the column “ Var. of ((’s R.A. in i hour of Long, represent 
the Variation in Right Ascension of the Moon’s Limb during the interval of her 
transit over two liieridians, equidistant from that of Greenwich, and one hour 
distant from each other. They have been deduced from the Right Ascensions of 
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the bright Umb^ and therefore include the effect produced by the change of the 
sernidiameter. They serve to determine the I.ongitude where the difference of 
meridians is not great ; but where this difference is considerable, that variation in 
Right Ascension should be list'd which corresponds to the middle of the interval 
between the observations. They also st'rve to determine approximately Right 
Ascension of the bright limb at its transit over any other meridian. 

In a similar manner the Declination may be approximately determined at 
transit over any meridian not far distant from Greenwich, bearing in mind that 
South Declinations and I'last Longitudes are to be considered as negative. 

The numbers in the column tmtitlcd Sidereal Time of Semidiameter passing 
Meridian, express ttn^ sidereal intervals which the Moon’s geocentric Semidiameter, 
at the time of transit at Greenwich, takes in passing the meridian, and therefore 
serve to di^termine the Transit of the centre from an observed Transit of either 
limb, the Sernidiameter, a similar purpose for the Declination, and Horizontal 
Parallax, to reduce an observation to the centre of the Larth. 

Eclipses. 

In these pages are given the particulars necessary for indicating the times, 
places, etc., on the Fairth, at which the Eclipses of the Sun and Moon will be visible. 
The elements are given for the instant of Conjunction (in cases of solar Eclipses) 
and of Opposition (in cases of Lunar Eclipses) of the .Sun and Moon in right 
ascension. The subsequent results in the casc^ of Solar Eclipses are not, however, 
computed from these elements unchang('d, but from accurate values as interpolated 
for the times corresponding to each result. 

It should be noted that in reckoning the position-angles of the points of 
Contact from the Vertex in Solar Eclipses tlic expression “ towards the East ” is 
to be taken as Indicating the positive direction of measurement of position-angles, 
i.e,, N.E.S.W. ; and does not necessarily indicate that the angles are to be measured 
from the vertex towards the east point of the Sun’s limb. 

In computing the circumstances of Lunar I^clipscs the geometrical diameter 
of the Earth’s shadow is increased by -Q-,jth of its amount. 

The fundamental plane is the plane passing through the centre of the Earth 
perpendicular to the axis of the Moon’s shadow, /.c., to the right line joining the 
centres of the Sun and Moon. 'I'lie intersection of the fundamental plane with the 
Earth’s equator is taken as the axis of a', and the axis of y is perpendicular to it and 
directed towards tln^ North, the Earth’s ceiUro being the origin of co-ordinates; so 
that A and y are tin*, co-ordinates of the point in wbieli the axis of ihe shadow 
intersects the fundamental plane. The angle d is the d(^elinatioii of the point in 
which the axis of the shadow (in the direction Earth, Moon, Sun) intersects the 
celestial sphere. Tlie angle n ^he Greenwich hour-angle of this same point. 

The quantities /,/' are the radii of the shadow-cones upon the fundamental 
plane, I corresponding to the penumbra and /' in tlie umbra. The latter is regarded 
as positive for an annular, and negative for a total ludipse. 

The angles/and f ar(i the semi-angles of the shadow-cones of the penumbra 
and umbra respectively. 

The remaining quantities x\y' and / are, respectively, the changes of a, y and 
/I in one minute of mean time. 

The Bcsselian Elements are useful for determining the circumstances of a Solar 
Eclipse at any place on the Earth’s surface. 

Mean Places of Occultation Stars, etc. 

This is a catalogue for the year of Stars (other than those appearing in the 
section “ Mean Places of Stars,”) of not less than 6*5 magnitude (with a few 
exceptions), the occultatlons of which will be visible at some part of the Earth ; it 
also contains a few other Stars to be obsi'.rved with the Moon at transit, and with 
Mars near its opposition. 

Occnltations. 

These pages giv(^ the greatest difference of declination of Moon and Star, for 
each Greenwicli Noon and Midnight throughout the year, for wliich an occultation 
is possible at some position on the liarth’s surface. 
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Ehnicnls of Occultdiions. 

These arc : —I. "I’he n ductions to apparent j)Ia('e (iiKdiuling tlie' effect of 
proper motion) at Greenwich Mean MidniLdit, of tln^ seleiTcd Stars. 

2. The (irtienwich Mean Time at which the Moon would, if viewed from the 
centre of tlu* Earth, apj^earto have the .same Eight Ascension as the Star; and 
the Star’s Greenwich hour-angli! at this limt*. 

3. The quantities />', q , wlierc 

. U—D , /\a cos o 

q , 

TT TT 

In these expressions— 

is the geocentric declination of the Moon at the time C'f geocentric 
conjunction of Moon and Star in Right Ascension ; 

TT is tlie equatorial horizontal parallax of the Moon at the same time ; 

I) is the declination of tluj Star; 

(in arc), are tlie variations of the Moon’s Right Ascension and 
Declination in one- hour of mean lime*, ap[dicable to the time of 
geocentric conjun('tion. 

4. The Idmits of Latitude heyoud which the Star cvinol he occulted by the 
Moon. They also indit'ate whether, at a given coniinu'tion of a Star with the Moon, 
the positions ani liki'ly to produce an occiiltation in a gi\a*n J.atitude. 

As a precaution against the possible accumulatimi of neglected quantities 
altering the limit by T\ it is advisable for an observer, wh(‘n making a selection of 
stars liable to occuliation, toext(uid the given limits by 

These I^lenients (the hour-anghi excepted), being n ferred to tin* Moon and 
Star as seen from the centre of the hkuth, are indt'peiuh. nt of geographical |)o.sition, 
and serve equally for all places. It is only nrcrssarv to a|)ply tiui differeiu'e of 
longitude* from Greenwich to the Greenwich Mean Time of conjunction to find the 
Local mean time of conjunction at any other meridian. 

Suppose ail observer situate at a Star, and having the Aloon betwetm him and 
the hiarth, and that he could see the Moonprojecle 1 on the Earth’s disc ; he w'ould 
observe it moving across the disc from West to ILast, covering a zone whose 
brexadth would be equal to the apparent diameter of the Moon. Now it is only 
within the limits of this zone that the (j( culiation of a Star by the Moon can take 
place. To all the places through which the boundary lines pass, the Star will 
appear just to touch the Moon’s limb ; and that projected parallel of latitude, to 
w'hich one of the boundary lines is a tangent, is one of the limiting parallels, wdille 
the intersection of the other boundary line wiih the circumferenee of the hairth’s 
disc determines the other limiting parallel. 

The quantities y,, />', q' are useful for deterudiing the eircumstanecs of the 
Occultation at any place on the Earth’s surface. 


Phenomena. 

tn these pages arc given the approximate times of the conjunctions in Right 
Ascension of the Elancts with the Moon and with each othi*r, the conjunctions in 
R\^hi Ascension of the Planets with certain Stars, aryl the times when the Planets 
appear to be stationary in Right Ascension ; also the times of the conjunctions, etc., 
in longitude of the Planets w'ith the Sun ; and other notices, ef use cliiefly to the 

astronomer. . , , . . i , 1 rrr c 

The conjunction of planet with planet is given only when the difference ot 

declination does not exceed 3°; that of planet with star when the difference does not 
exceed 10^. 

In comoutin" the lime of greatest brilliancy of Venus it is assumed that tlie 

(/■ + A + K)e+ A - K). 


brilliancy varies as 


' A^ 


where r and R arc the radii 


vectors of Venus and of the Earth respectively, and A is the distance of Venus 
from the Earth. 
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Astronomical Symbols and Abreviattons, 


O The Sun. 

D The Moon. 

5 Mercury. 

? Venus. 

0 or i The Earth. 


^ Hours. 

Minutes of Time. 
' Seconds of Time. 


0. 

T 

Aries - 

0 

- 0 

I. 

S 

Taurus - 

- 30 

11. 

n 

Gemini - 

- 60 

11. 

SB 

Cancer - 

- 90 


d Mars. 

11 Jupiter, 
h Saturn, 
y Uranus. 
^ Neptune. 


° Degrees. 

' Minutes of Arc. 
" Seconds of Arc. 


Si^HS of the Zodiac. 

o 

IV. n. Leo - - i2o 

V. nji Virgo - - 150 

VI. iOi Libra - - 180 

VII. iix Scorpio - 210 


<5 Conjunction. 

□ Quadrature. 

S Opposition, 
sa Ascending Node. 
Descending Node. 


N. North, S. South. 
E. East. W. West. 


VUI. / Sagittarius 240 
IX. Vf Capricornus 270 
X. z:z Aquarius - 300 

XL K Pisces - 330 


Principal Articles of the Calendar, etc., for igoj. 


Golden Number 
Epact 

Solar Cycle - 


8 Dominical Letter 

ib Roman Indiction 

12 Julian Period (Year of) 


F 

5 

C620 


The Year 56( 8 of the Jewish Era commences on September 9. 

The Year 1325 of the Mohammedan Era commences on February 14. 
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Subject,—(I xcLUDiNQ rej^erescb to Chapter and Articlb,) 


Acceleration of time defined. Retardation and X\’I, 48 
Accurate details render plan valuable VU, 6 
Acre-comb. The VI11, 14 ... ... 

Acre. Size of one V111, 4 

tt Square. Method of constructinij an VTII, 3... ... ..[ 

I* ,» Calculation of areas liy Vlll, i —1|. 

»» » The purpose of measurement by \ III, i 

Acute angle defined 1,15 

Addition. Sign of I, 52 ... ... ... 

Adjustments of the Dumpy level, 'bhe XV, 13 

»t )i » I he temporary XV^, 14 

ji i» 'I'he permanent X\\ 18 

M M Theodolite. Caution as to permanent XIII, 

» „ The XIII, 43 ... ... 

u i» »> ,> permanent XIII, 52 

»» *1 »f M temporary XIII, 44 

Adjustments of the transit XIII, 83 ... ,,, 

Altitude. Calculations for time and XIII, 84 ... *.*.! 

„ defined 11,6 

„ Method of observing for XII, lo ... 

„ of e«tar defined XVI, 34 ... ... ... 

Amplitude defined XVI, 36 
Amsler’s Planimctcr described Vlll, 23 ... 

Angle-book. Horizontal ('I'bcod.) XIII, 6^ 

„ Verlic.al (Thcod.) XIII, 65 ... 

Angle corresponding to a given logarithmic sine, tangent, cisine or cotangent. To find 
defined 1, ii ... ... ... ... 

„ Acute I, 15 ... ... ... .. 

„ Horizontal XIU, 2 ... ... 
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AID TO LAND-SURVEYING 

LARGE EDITION (THIRL))—IN ENGLISH—THOROUGHLY REVISED AND 

CONSIDERABLY LMPROVED 

EMnUACING CHAIN, COMPASS, PI.ANh-TMJhK AND I HEODOMTK SURVLYlNO. I EVl^LLINO, PRACTICAL 
ASTRONOMY, K'lC., Ar('OMPANlEO RY S3i II LUSTRA I IONS ON IHh SUnjLCT, ANO CONTAININ(i 
NUMEROUS USEFUL FXVMPLES i‘OR PRACTICE. 

Dedicated, by permission, to His Excellency the M\R(iui.s of Ripon, K.G., P.C„ G.M.S,1., 

late Viceroy and Governor-Gknkrxl of India. 

AUTHORISED TEXT-BOOK. 

PATRONIZED BY THE GOVERNMENTS OF INDIA AND BURMA. 


Price,—Rs. 6. 


CONTENTS. 


Chapter I.—Practical Geometry. 

,, II.—Mensuration of Surfaces. 

,, 111. -Plano Trigonometry. 

,, IV.—Logarithms, 

„ V.—Mathematical Drawing In¬ 

struments. 

„ VI.—Scales. 

,, VII. —Map drawing. 

,, VI11.—Calculation of Areas. 


Chapter IX.—Chain Surveying. 

X.—Compass Surveying. 

XL—Planc-tal)le Surveying. 
XII.- -The Pocket .Sextant. 
XllL—rheodoliti* .Surveying. 

XIV.—Gall ’s 'Lniverse System. 

XV. -Levelling. 

XVI.—Practical Astronomy. 


Odject of Book Briefly Stated. 

The above work (third edition) on Land-Surveying has been prepared with the view 
of meeting the requirements ot Odicers of the Engineering and Survey Departments, and of 
District OtTicials, LVivate and Municipal Surveyors, Planters, anil others, who desire to 
obtain a complete guide to practical Suivcying, ami who form such a large and important 
class of His Majesty’s subjects throughout India, Burma, and elsewhere. 

The book contains altogether i 6 chapters, all of wliich have been considered indispen¬ 
sable to the Surveyor—whether I'l igonomet rical, Topographical, Revenue, or Engineering-— 
and to the student ; while, for iaeility of reference, an exhaustive index has been added to 
the end of the treatise. 

The entire work has been designed to lead a beginner systematically through a thorough 
course of practical Land-Surveying, and with this object there is emliodicd a collection of 
examples in the various subjects treated of, which will, it is hoped, prove of service. It is 
besides illustrated with 531 diagrams on sheets of foolscap size, which have been, for 
convenience’ sake, put together in a body immediately after the Index. 

The manual embraces a course of Surveying such as will be needed for all revenue and 
general purposes, and the more advanced portions of Astronomy, Trigonometry, Geodesy, 
etc., have been purposely excluded, as beyond its scope. 

The aim throughout the book has been to make each chapter as thoroughly practical 
and complete in itSi lf as possible, and, while it is hoped, that this object has been 
accomplished, it must be borne in mind that it is utterly impossible to learn .Surveying from 
books alone, and m.)thing but practice can make a cpiick and accurate Surveyor. 

It is believed that by the possession of such a book as the above, copiously illustra¬ 
ted as it is and containing numerous examples on eai h subject, together with a copy of the 
''Calculating Tables ” ( 5 th edilionj which is published .separately, as a companion volume, 
the Surveyor would be independent of any other work on Surveying. 

The opinions as to the merits of the work recorded by some of the highest Profe.ssional and 
other Officers who have scrutinized the book, and by the Press, arc very favourable and will 
be found subjoined 



extracts from opinions, 

o 

extracts from some of the more important opinions. 

(pt Revenue Officers and others.) 

w Pr!, nfpS«T0tarv to Ilis Excellency the M tRaois of Ripon, K.G., P.G., G.M.S.I 
11 . W. PriMRosk, h'jq., I Viceroy and Governor-General of India, ’’ 

« His Excellency has b.. n pleased to accord his sanction to your dedicating to 

himyou;'woikentitled_^/,/ to Land-Surveying. 1 have much pleasure m communicating 
this information to you.” 

Colonel E H II. Cohen, Secretary to the Government of India in the Military Department, 

II _j directed to inform you that the book entitled Atd to Land-Surveying 
has been registered under Act XX of 1847-” 

Kxtr.ict from the Minnies of a Meeting of the Text-book Committee hold .at the O(lice of the Director of 
Public Instruction, Rangoon, on briday, the ioth April 1883. 

If.Read a letter, dated the ist February last, from Mr. J. C. Clancey, forwarding 

copy of Id's larger work on land-surveying. Resolved to admit the work on the list of 

authorized text-books/^ 

P. IIORDF.RN, Esq., B.A., Director of Public Instruction, Burma. 

ff.The Text-book Committee have resolved to admit the work on the list of 

authorized text-books.” 

Sir Charles Edward Bernard, K.C.S.I., Revenue Serretary at the India Office, London, late Chief 

Commissioner of Burma. 

(a) “.For mys( If, I may eongratulate you on the skill and the immense industry 

with which vou have brought out all these valuabh^ books, which are of great service not 
only to the land revenui* officials, but also to the landholding classes in Burma.” 

(d) .I am glad to know that th(> demand for your books is so large. I hope 

some profit may accrue to you from your heavy and skilful work in connection with 

Survey Handbooks*” 

F. W. R. Fryer, Rsq, C.S.I., ('..S., Mnanci.al Commissioner, Burma. 

.It will, I am sure, be very useful. 


Colonel A. G. Duff, S.C., Commissioner of the Tenasserim Division, 

”.The work seem.s exceedingly wi ll adapted to meet the want of such a book, 

which is no doubt much felt In this country by all who.se duties require a knowledge of 
surveying and wlio c Itlier do not possess or cannot gt t access to the numerous volumes on 

the subject.There can be no doubt that Mr. Clancey must have bestowed much time 

and trouble on the work, and I shall be glad to hear that his efforts have not been 
unavailing.” 

G. J. S. Hodgkinson, Esq, C.S.I, C.S., Commissioner of the Pegu Division. 

**.doubt that, if published, the work would be found very useful by 

those for whom it is intruded. The book is full and well arranged, and the matter is clearly 

and precisMy exprassed.... .No small amount of labour must have been bestowed in the 

writing and arrangement of so complete a treatise.” 


Colonel W. C. Plant, S.C., Commissioner of 

” .Mr. Clancey’s work on surveying would be of 
Burmese, which I recommend should be done.” 


the Tenasserim Division. 

practical use if well translated into 


^ J. K. M.teRAK, Esq., Deputy Commissioner, Amherst District. 

stud.nt'b7plS"and'"eLy'Xc^^^^ requisite for beginners; it carries the 

Dies and cooious 1 fC ^ ^^^rywhere by numerous practical exam- 

Sc." p,oC» S1;:^ lisz"" b™cbc, „i ,1,/ suceyo* s t. th. 

Commission or indeed to anv n ‘ind I ractical Astronomy. To officers in the 
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Colonel B. A. N. Parrott, S.C., Deputy Commissioner, Settlement Officer, Hanthawaddy District, 

**.I consider that the Work is not only well adapted ior the purpose for which it 

has been written, but that it is a work which will be found extremely useful by the experi¬ 
enced Surv<‘yor and others employed in survt'ving, settlement, etc. The illustrations, 
diagrams, etc., are very good and carefully worki'd out, whiK* the tables in theappiuidix contain 
an immense amount of useful information/’ 

A. R. Birks, Esq., B.A., C.S., Deputy Commissioner, Judge of Moulmcin. 

“.I think it is likely to prove useful to oHicers in tlu' Burma Commission. There 

are evident signs of care in its preparation, and it appears to be a work of a practical 

character and deserving of success.” 

Colonel C. H. E. Ad vmson, C.I.E., S.C., Deputy ('ommissioncr, Moulmcin Town District. 

.The book appears to im* to fill a want which at present exists of a book of 

moderate size containing in itself almost evaTything essimtial nr evi ii pertaining to the .study 
of land-surveying. I think it will be of tfie gn atost assistance not only to those who are 
actually engaged in the study of land-surveying, but to all those whose duties bring them 
into contact with land-mi‘asurcrs, and who without having time to study tht‘ subject sc ienti- 
lically, ought to bo able to check with t'ase and rapidity the work of thosi* subordinates to 
whom the survey and measuri'iiient of land is dt'pub d. Tlic illustrations, wliich are carefully 
executed, will materially assist the study ol tin* letter-press.’^ 

Phya Srisdi, Esq., Secretary to His Majesty the King of Siam, the Siamese Legation, l.ondon. 

‘‘ His August Majesty the King is ph ased to command me to convey to voii his thanks 
for the very useful books you have so kindly sent to him.” 

[Of Professional Officers) 

Colonel C. C. Scott-Moncrieff, C.S.I., R.E., Secretary to the Chief Commissioner in the Public Works 
Department, and Chief Engineer, Burma. 

.It is really an excelhmt treatise on surv<‘ying.” 

Colonel J. M. M. Nbile, R.E., Secretary to the Chief Commissioner of Assam in the Public 

Works Department. 

.This appears to be a very useful text-book, and I shall be glad of a few copies 

for District Engineers* offices.** 

H. M. Mathews, Esq., M.I.C.E., Engineer in-Chief and Manager, Irrawaddy and Sittang Valley (State) 

Railways. 

(^7) “.I think that it is a work that will be of great use to students and others in 

Burma.” 

{}j) “.It is a strong and useful edition, and will, I am sure, be of great service to 

many in Burma and elsewhere.’* 

Colonel J. Hill, R.E., Deputy Superintendent, Survey of India (Trigonometrical Branch), In charge Eastern 

b'rentier Series. 

(a) “ .What I have s(‘en app<*ars to me to be well adapted to attain the ends 

specified in his preface, namely, that it should servt' as a text-book for the Survey classes 
recently established in Burma, and as a guide to Officers in th(‘ Commis.siou, Planters, and 

others, to whom a knowledge* of surveying might often prove very useful. 

Mr. Clancey has evidently spared no pains. The rules he gives are clearly expressed and 
they are illustrated by numerous examples.” 

{f) ..I will apply for a couple of copies of it for the use of my Survey Party, 

for the explanations and examples it contains will be very useful in training new hands. 

. The arrangement of the book is'very convenient. Reference to anything contained 

in it is very easy. It is excellently adapted to the uses for which you desigiu d it.** 


Colonel J. E. Sandeman, S.C., Deputy .Superintendent, Survey of Indi.i (Revenue Branch), in charge 
Hanthawaddy District Cadastral Survey. 


(^) . The illustrations will be very useful and are drawn very neatly and with. 

great pains. The letter-press of the book seems to contain everything that is required by a 
student at the survey classes in the province or by District Officers and others; and the 
matter is also welk arranged.” 

(3) .It will be a valuable addition to my small library of books on professional 

matters. 
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W. C. Rossexrode, Esq., Deputy S.iperintcndont, Gioat Trii^oiioinctrical Survey, Burma and Assam. 

.As your smaller work has already been educating, and will in future ('ducat<', 

the I 3 urmese Revenue oHiciaU, your larger and more eoinprehensivc work will prove useful 
throughout India.” 

W. (}. Beverley, Esq., Deputy Superintendent, Survey ef India ('rr.genomrlrical Branch), in charge, Burma 
l^'irly, also i'idal .ind Levelling Operations of India. 

.I have looked carJully through the work and commend it as being admirably 

arranged; it is in several parts-each part romplcte in itself—so as to lead the student 
step by step from elementary priiu'iples to the lidK'st information reejuired. Each part is 
accompanii'd by as ries of illustrative diagr.ims, very neatly ext cuted, and with miscellaneous 
examples for solution. 'Vhr work has bi sides tin- advantage of containing in one volume, in 
small compass, an amount of information which is gencraily found in two or three and more 
treatises. It will be found as us ful to professional men as to students, and I nadily recom¬ 
mend it as a most servict'able, intelligent, and handy treatise.” 

N. Brlletty, I^sq., Surveyor, Survey of India, Calcutta. 

.Under the orders of the rjovernment of Indian (.'ommittce composed of the 

Surveyor-General, the Consulting Engiiu-cr to the Government of India, and others, was 
formed, who reported most favourably on your book. Thirty copies of it have ac:cortlingly 
been purchased by the Ciovernmont of India this day for distribution to the Heads of 
Departments.” 

11 . J. Rich \Rn, Esq., A.M.I.C.E., ’supcriiitcndiiii^ P'n^ineer, P.W.D., Amherst Division. 

“.It has b( en prepared wdth great rare and with great acciiraey. The illus¬ 

trations are copious, tlu* descriptions art; clear and full, and tlu; general arrangement is 
extremely methodical. I am sure it w^ill prove a very useful work, not alone to thost* who 
are about to take up the study oi surviving, but also to those who are already initiated, hut 
may re(iuirc a reliable book oi reference.” 

O. D. ('l\kk, Esq., C.E., T'.nginecr to the Rangoon Municipality. 

“.1 consider the work a very useful book of reference both for the professional 

man as w(dl as the student. The .scientific principles w'hich constitute the foundation of 
surveying appear to be complete and satisfactory and such as the student prepared to 
meet the requirements of the surve y classes in the (lovernment schools shouhl be familiar 
with.” 

D. J. Clan'Cey, Esq., C.E., Executive h'ngincer, V. W. D., and Manager, Jorhat State* Railway, Assam. 

“.It is one of the best treatises on surveying extant and is very complete. The 

letter-press and illustrations havo been alike well oxei uted.” 


W. J. Annis, Esq., C.E., Secretary and Engineer to the Moulmein Municipality. 

....I have carefully read over eac h section of Mr. J. C. ('lancay’s w’ork and I 

consider it in every respect woithy of praise—it is neat and conci.se in form, and deserves 
great encouragement. Tlie w^ork comprises much original rcscarcli and study, very clearly 
arranged, and put into shape for easy referenee. I have much pleasure in recommending the 
vvork as one in cv< ry respect suited to the w^ants of the practical student.” 

John Coles, Esq., E.R.A.S., etc., Instruett r in .Siir\eying and Practical Astronomy, Royal (Geographical 

Society, London. 

“ I have carefully look^ (1 Ihrongh both t ditinns of your Aid fo Land-Surveyin^f 
I h.ave no hesitation in saying that I consider them to be among the most useful and practi¬ 
cal works dealing with the subject of surveying, that have come undi-r mv notite. They 
possess the very great advantage of bring written in so plain a style, that'any student of 
ordinary ability ought to find no dimculty in makin; himself acquainted with the theory of 
land-surveying; practice, of course, must be learned in the field. A word of praise is also 
due to the w^ll-selected tables and the explanatory diagrams. In conclusion permit me to 
congratulate you on the production of such a useful work.’' 


(Oy* the Press.) 

The Indo-European Corrtspondence, Calcutta, 

, “v.rar different was the inyjression wc<e<eiv. d from the perusal of the Aid to 

^'anecy, Superintendent of Land (.Records, Burma. This Lk 
sold at Ne wman and Company's, combines every quality that can recommend it Ltli to 
students. Surveyors, and Engineers, hrom the first beginnings in elementary mensn^a ion 
to all the secrets of practical surveying the student is literally taken by the- hLid with such 
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lucid method as to disp:nse with the assistanc*' of a master. In fact, the only fault that 
could he found with (he author is that hv' supposes (o) little in.UlK'inalical knowleAli^e in the 
learner, a fault which, we suppose, iiianv will ho only too i^l.id to lor^ive. Although the 
price of the book may bo a))Ovo tlv reach of ordinary stiidenis, it will prove very uselul to 
the teacher and to those who take up the study of surveying specially. The problems sliow 
at once the juractical tact ol the author. As to the typography o) the book, suflicc it to say 
that Mr. C. Goiihert, our able manager, has exerted his whole skill to make it a worthy speci¬ 
men of this press." 


The Riingoon Times, Rangoon. 

.We have taken the opinion of a high Government official in the Ihiblic' Works 

Department on the hook, and this gentleman has declare<l it to he one ot the very best 
treatises on the subject of surveying in existence. 'I'Ik- gi lu ral g^ t-iip (d tht‘ voliimr is 
excellent, and we can eonlidi ntly recnmmi nd it to Proh ssional Surveyors and EngintATS 
throughout till.* province as well as <'ls.'wh«'ri‘; likewist'to students eng.iged in tht‘study of 
the subject tn ated of and who may hr qualifying for ih«' above-named professions." 


'Die Rango?ii GnerHc, Rangelon. 

" Mr. J. C, Clancey, Suprrinlendmt of Eaml R« cords, Ihirma, late Survi yor, (ireat 
Trigonometrical Survey of India, has r« cently }mhlishi d .i largr edition of his work on lands 
surveying. The author opens his W(uk with chapt< is on Gionirlry, Mensiuation, and 
Trigonometry, and deals with each subject so far as it is likely to be required in surveying. 
He then describes sc'ak'S and how to use them in drawing plans and maps, and tln in in 
Chapter IX, commences the subject ol chain surv. ying aii<l tlu- iiistnim.Tits cmplovi d in it, 
which h(' di'als with vi-ry thoroughly. Surveying with the compass and thcoilolit<- ari‘ 
likewise dealt wdth fully, and tlx* book conclmles witli .i chnpti r on the n^i' of Astronomy 
in surveving. Tlu* work i.s throughout car» fully [irepared and would he of great service to 
young Surveyors and might Well liud a pLua* on the oiTua* table ol the moia' exjierienced 
man. We can ri'commc nd the work of Mr. Clancey to nil inten sU d or (mgaged in surveying 
work." 


THE 

AID TO LAND-SURVEYING 

SMALL EDITION (FIFTH AND FOURTH) -SEPARATELY IN ENGLISH (FIFTH) AND 
IN BURMESE (FOURTII)-REVISED AND V:NI.AR0E1) 

Accompanied by 236 Illustrations on the subject, and containing numerous useful 
Examples and Exercises for practice. 

Dedicated, BY PKRMissioN, TO Sir Chsrles UMiuiERvroN Aitgiiison, K.C.S.I., I.C.S., LL.D., late 

Chief Commissioner of Burma, 


Authorized Text-hook for Examinations for Surveyors, MvuoKsiiirs, Clerkships, 1 nu(iYisHiPs, 

MiuDLE-Sciioon Pa.sses, etc. 

PATRONIZED BY THE GOVERNMENT'OF BURMA, ALSO THOSE OF ASSAM, 

MYSORl':, MADRAS, etc. 

Price,—Rs. 2, 


CONTENTS. 


Chapter VI.'Calculation of Areas. 

VH.—Chain Surveying. 

„ VIII.—Compass Surveying. 

IX.—Plane-table Surveying. ^ 
X.—Questions for Examination. 


Chapter L—Practical Geometry. 

^ IL—Mensuration of Surfaces. 

III.—Mathematical Drawing In¬ 
struments. 

,, IV.-Scales. 

V.—Map drawing. 

Object of Book Briefly Stated. 

The obic'Ct of the above trealis,- is to provide a simple and elementary work on Land- 
Surveving B) in English (tlfth edition) and (ii) in Burmese (fourth ed.Uon) for the use 
d stu-leL in Sutweying Classes, for Surveyors, Land-mcasurers, and others who are 
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acquainted with either the English or Hiirmi S'* language, and desire to study the subject of 
vSurvi-ying or rt:fer to a reliable book on it. It will also be found scrvict'able to I rou ssional 
and District Oflicers, as well as to Planters and others, throughout the country. 

With tht; rapid .strides that survy and si ttlcnient ope rations are making (^verj’where, 
together with the vast cnginct ring and oiIut public works in prr>gress, the want of such a 
work must naturally be very much felt. And as the liook is ehcap, it will, no doubt, fall 
within easy reach of the purses of most people requiiing it. It has already passed through 
Several editions, which, in itself, is proof of its popularity. 

The volume is rephite with examples, exercises and illustrations, which will, it is hoped, 
be found of considerable assistance in the pro.secul ion of its study. 

The opinions on the book of various Professional and District Officers and of the ITess 
are subjoined. 


Extracts from somr of thf. morf Important Opinions. 


(Of Revenue Officers and others.) 


The Hon’blc Sir Charlks m^herston Aitchisov, K.C.S.I., I.C S., I.b.D,, Member of the Viceroy’s 
Council, Calcutta, late Chief C< mmihsioner of Hurma. 

(/*) ‘‘.1 wish you evt ry success in your work and have no objection to your 

dedicating it to nu*. 

(/}) “.I am very glad to scv* your work has received such favourable notice from 

officers in all grades in Burma who an* well <|uali(ied to pronounce an opinion on its merits, 
and I am very glad if anything I have done ha.s encouraged you to produce so useful a work. 
With every wish for your prosperity ainl advancement.’^ 


Colonel W. Munro, S.C., Deputy Commissioner, Basscin. 
“ It has been registered under section i8 of Act XXV of iSfiy." 


Extract from the Minutes of a Meeting of the Mathematical Sub committee held at the Office of the 
Director of Public Instruction, Burma, on Wednesday, the I4lh June 1882, 

.The Sub-Committee next considered the question of the merits of Mr. Clanccy’s 

work, which has long been in circulation. Resolved that, in view of the high opinion of 
the book recorded by Survey and Engineer Officers, it should be admitted on the authorized 
list." 


P. Hordern, Esq., B.A., Director of Public Instruction, Burma. 

".The Text-book Commitb'C have resolved to admit the work on the list of 

authorized text-books." 


D. M. SmEATON, Ksq., C.S.I., M.A., C^S., .Secretary to the Chief Commi.ssioner in the Land Revenue and 

Agricultural Department, Burma. 

** .Aids to the ac^iuirement of an exact knowledge of survey methods an* placed 

in the hands of all Burman and Karen Surveyors. Two Vernacular manuals of surveying 
have been adopted for the Survey .sehoo!.s and are distributed to the recruits. One of these 
is the work of Mr. J. C. Clancey, Suj)erintendent of the Bassein Supplementary Survey, and 
is (‘specially adapted for the us(‘ of Burman and Karen Surveyors. It has copious illustrations, 
both of the theory and practice of surveying in .all its branches. Copies of this manual have 
been distributed to all Departments of the Administration in which a knowledge of surveying 
is required." ^ 

Colonel B. A. N. Parrott, S.C., Settlement Officer, Kyauktan, and Deputy Commissioner, Hanthawaddy. 

(^) **.I think it is an execllent work and will be very useful." 

(^) .I think the book is all that is wanted." 


A. R. Birrs, Esq., B.A., C.S., Deputy Commissioner, Sandoway. 
I hope the work will achieve the success that it deserves.' 


T. C. Mitchell, Ksq., M.A., C.S., Deputy Commissioner and Settlement Officer, Bassein. 

“.•‘••I kave gone through the book and consider that it treats the subject in a simple 

and effective manner. I should think that young men wishing to qualify as surveyors, thugyis 
or myedaing thugyis, could not have a better guide in their studies." * 














EXTRACTS FROM OPINIONS. 


7 


Colonel W. G. Hughes, Deputy Commissioner, Tavoy. 

“ Your work on land-survc ying will supply a much requin d want. The old class of 
thugyis, with but a rough idea of surveying, is pndty numerous still in Burm.i, and a book 
such as yours, which can aid them or oth(‘rs in acquiring a more extensive knowledge of 
surveying, is of great value. 


W. C. Midwinter, Esq., Deputy Commissioner, Tharrawaddy. 
The book will, I feel sure, prove a great boon to practical men 


Julian Rogers, Esq., Sccrcl.-iry to the Surveyors’ Institution, London. 
It is a most useful book.” 


W. T. Hall, Esq., B.A., LL.B., C.S., President of the Rangoon Municipality. 

(rt!) ”.It should be of the greatest use in the province now that the teaching of 

surveying has been so much extended.” 

[b) “ It appears to have be en very well printed. I hope the edition will be rapidly sold 

out.” 


F. C. Gates, Esq., C.S., Revenue Secretary to the Chief Commissioner, Burma. 
..The book will, no doubt, be most useful.” 


II. F. Aston, Esq., C.S., Judicial Commissioner, Burma, 

.Your running into a third edition must itself be sufficient proof of the useful¬ 
ness of your publication, and I hope will bring a due reward to your industry and ability.” 


T. C. Wilson, Esq., C.S., Director of Land Records and Agriculture, Burma. 

.It appears to be very complete.” 

Ernest Clarke, Esq., Secretary, Royal Agricultural Society, London. 

** .It is a very valuable work.” 

W. H. Wesley, Esq., F.R.A.S., Assistant Secretary, Royal Astronomical Society, London, 

A very valuable work.” 

John Coles, Esq., F.R.A.S., etc., Instructor in Surveying and Practical Astronomy, Roy.al Geographical 

Society, London. 

(See opinion against the large “ Aid to Land-Surveying.”) 


Sir Norman Lockyer, K.C B., F.R.S., F.R.A.S., Professor of Astronomical Physics, Royal College of 
.Science, South Kensington, Londi n. 

'' A very excellent book.” 


Sir Charles Edward Bernard, K.C.S.!., Revenue Secretary at the India Oflice, London, late Chief 

Commis*‘.ioner of Burma. 

(See opinion against the large ” Aid to Land-Surveying.”) 


( 0 / Professional Officers) 


General Sir James E. T. Walker, K.C S.L, R.K., Surveyor-General of India. 

.The work will be found very serviceable in advancing the objects for which 

it has been prepared.” 

Colonel J. E. Sandkman, S.C., Deputy Surveyor-General, Survey of India Department. 

.It will be very useful to the Burmese.” 


W. C. Rossenrodb, Esq., Deputy Superintendent, Great Trigonometrical Survey of India, Burma and 

Assam. 

.The arrangement is good ; the diagrams and numerous examples for solution 

on each subject will materially aid the student in acquiring a thorough knowledge of survey 
ing required in the province for revenue purposes. Burma needed such a treatise and you 
have supplied the \Aant. I trust you will be n enmpensed for the labour and toil you have 
expended in producing so valuable a work as your Aid to Land-Surveying, As an elemen¬ 
tary treatise there is none to equal it. Being in a compact form and in one volume, it will 
be useful both to teachers and learners.” 
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Robert Gordon, Ksq . C.E.. Superintending Engineer, P.W.D., Henzada. 

o.It is a very useful .iml valu.il.lc book, .and 1 hope will meet the success that .t 

diservt's.^' __ • 

The Hon’ble Mnior H.B. Talbot, R.H., Oeputy Superintendent. Survey of India, in e.h.arge, Prnme Survey. 

“ The book is iust what is required by young students commencing the stmly 

of sur;ying'by themsilvcs, and shouhl be of great value to all schools, particularly m 

Burma. _ 

D. J. CLtNLEY, Ksq., C.K., Executive Engineer, P.W.D., Rajpootana. 

" The matter is w. 11 chosa n and arranged, the language is simple and clear, and 

th,’ illustrati'mis arc neat and fulb The book shoul.l therefore soon become aburveyors 
vdde utccuni, especially in Iturma. 


C. Von Aiin, Esq, Executive Engineer, P.W.D., L.asscin District. 

“ Mr rianeey’s Aid to l.and-Surrcnns, is a work well adapted to the purposi' for which 
itisint.nd.d. It is written in a very cle.ir style, so as to be easily understood even by a 
young beginner with only a limited knowledge of mathem.atics. 


W. ]. Anms, Esq., C.E., .Sccrclary and Engineer to the Moulmein Municip.ality. 

II .You deserve great credit in gi tting it up as you have, and I shall be very 

pleased to hear that the work has repaid you for the imnu nse labour you must have expended 
upon Ji. 


( 0 / the Press) 


The Rangoon Times^ Rangoon 

«. Thr work h.as b. < n pre pared by Mr. j. C. Clancey, formerly of the Great 

TrignnomctVical .Survey of India and at present Superint. ndent of Supplementary Survey and 
Registration, 1 urma, and i.s th dieat. d, by p. rinission, to Sir Charles Umpherston Aitchison, 
late Chief Commissioner of this pio\ ince. The aim and scope of the book can perliaps be 

best learnt from the preface. Ileic we are told that its object is to . 

This work is by far the best of the kind ever published in Burma, or in the Burmese 
language, and cannot fail to prove other than a great boon tot> achers of surveying .as well as 
scholar^ ’ Of Mr. Clancey’s litiu ss for his la.sk the following extract from the last Report on 

Public Instiuction in this province is sullicient testimony .The want of a suitable 

text-hook in the Burmese language has long been felt to be a great one by all who were 
called on to teach surveying, and such a work in now supplied. The illustrations accom¬ 
panying the work .are admirable, .ami are as full and complete as could be desired, 'lire 
tr.inslator's work has been well done, and we can on all grounds thoroughly recommend the 
work to all ti achers in this province.” . , 

(b) ” Mr. J. C. Clancey has forwarded to us a copy ol the new and revised mlition of his 
Aid to Land-Surveying, the authorized text-bouk foi Burma, patronized by the Governments 
of India .and Burma and most bavourablv criticised by such well-known oflicers as Messrs. 
Hordern Fryer, Hodgkinson, Maerae, Birks, Mathews, Colonels Duff, Plant, M.ajors Parrott, 
Adamson and others. I he book was out of print, but in such constant demand by students, 
surveyors engineers, and all classes of Government officers, that we are glad to sec Mr. 
Clancey has brought out a new and enlarged edition which will doubtless be popular in the 
province for many long years to come. We venture to say that Mr. Clanciy is the only 
man in the province who is capable of pre paring such a vade mccum for surveyors.” 


The Rangoon Gazette, Rangoon. 

«.This work is in Burmese and English, and is intended as a text-book for the 

Government Survey examinations. It will be found invaluable to all students of surveying 

(/;) ‘‘The first edition of Mr. J. C. Clanccy’s useful book, The Aid to Land-Surveying 
having been exhausted, a new one has just been published. It has been thoroughly revised 
and improve d; and will doubtless met t with the same cordial reception accorded to the 
first one, more (‘specially as it is the authorized text-book for the Thugyiship, Myookship, 
and Anglo-Vernacular Middle School examinations. The work is in both English and 
Burmese, the vernacular portion of the j)rtS(nt Cflition having bei n carefully revised by Mr. 
A. W. Lonsdale, Editor of the Vernacular Text-Books for Burma. It is satisfactory to find 
that the book has stood the test of experience, and we wish the author every success with the 
new edition.^* 
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(c) The third edition of iMr. J. C. riancoy’s Land-Surveying has now been 

published. 1 he first (dilion w.is published 13 years ago and the siaond edition in i8(yO. 
The prcs( nt edition, whieh is in lMitdi‘^h and Burmese, has been earcfully revised and 
brought up to dale. It is piiblised under (loverninent auspices and is the authorized text¬ 
book for the various examinations ot the province of which sur\eying forms a part.” 


The Mouhndn AiL ertist Moulmcin. 

(^) ”.The work is by Mr. J. C. Claneev, Superintendent of Supplementary 

Survey and Registration, Burma, late Surveyor, Great rngonometrie.d Survey of India. 

The object of tliis treatise, as set forth in the preface, is to. We have can fully 

looked through this book and the companion volume of illustrations, and b( ing somewhat 
familiar with the subject treated of, wc are in a position to say that it is well calculated 
to suit the re(|uiiemcnts of the province, and we ih- rcforc recommend it as being not only 
a simple and intelligent treatise on surveying, but tln^ very help required by those for 
whom the author has provided. TIk' illustrations are all neat and well drawn and will be 
of incalculable assistance to the stud( nt. The exercises are all simplified by clear and 
precise explanations, and this has been done so fully for the beginner that it is a w’onder to 
us how the author could h.ivo had the patience that is exhibited on every page of his book. 
It is needless for us to enter lnt(} the question of Mr. Clancey’s capaldlitics ; these are 
already well known to, and appK ciatt'd by, the hx'al Government, and it only remains for 
us to congratulate Mr. Clancey on the very excellent work he has written and the service 
he has rendered to (duration in the provinct'-” 

((^) ”.Wc have received from Mr. J. C. Clancey, a copy of his second edition of 

the smaller Aid to I.and Surveying, d he book has been considerably revised and appears 
in better print and covering. That Mr. Clancey has devoted much time and labour on the 
preparation of the work cannot be doubted. The parts nie well arranged, the illustrations 
very good, and the student is K d, st< p by step, fiom elements to the fullest information 
required. To schools the book will be ft und of gieat use and value.” 

(r) '‘The new edition of Mr. J. (\ Clanceyls woik on land-surveying, which is the third 
one of its kind, we doubt not will be received with the satisfaction it deserves. It is printed 
in English and I 3 urmese and i.s accompani« d by 236 illustrations on the subject. Its 
Burmese translation has been exceedingly well effected by the well-known Burnu se scholars, 
Rev. Father D’Cruz and Mr. Lonsdale. It is quite sure to meet the object of its issue. 
Students will lind it to contain most useful information upon the dillerent subjects treated 
of, from Practical Geometry to Questions on Surveying. The author seems to ha^vc spared 
no pains in rendering char all that relates to chain-surveying, calculatipn of areas, etc# 
The present edition has been carefully revised and is an authori/ed text-book.” 


The Ahyah Educational Gasittr^ Akyab. 

“.We draw the attention of candidates studying for the Survey to Mr. Clancey’s 

Aid to Land-Surveying^ which is botli in English and Burmese, and intended chiefly for use 
in this province. Mr. Clancey’s book ought to find a good sale, especially at the low rate at 
which it is available.” 


The Mandalay IlrraUL Mandalay. 

” We arc in receipt of a ('opy of the Aid to I.and-Siirveying^ in English and Burmese, 
by J. C. Clancey, F.R.G.S., Assistant Director of Land Records and Agriculture, Burma. 
The production of such a work will come as a boon to students, surveyors, tliugyis, and 
others directly interested in land-measurements, while it wull be invaluable to those desirous 
of studying the subject in its c\ery detail. 'I'bc present, or third, edition of Mr. Clancey’s 
book has fully been brought up to date ; a copious index has been inserted, which should 
materially add to its unqiK^.stionable value. The volume contains 236 illustrations, which 
are turned out in an unusually clear and finished manner, while the mass of useful infor¬ 
mation with which it is replete stamps the work as being an indispensable addition to the 
published authorities in land-surv« ying. In a word, .Mr. Clancey’s work cannot be too 
highly recommended, and no student desirous of perfecting himself in the study of the 
subject should be without a copy. It is printed in the excellent style peculiar to the Burma 
Government Press, and the price is Rs. 4.” 


The Arakan A'fwy, Akyab. 

{a) “We have to tliank Mr. Clancey for a copy of his work on surveying. The 
general arrangement and get-up of the book is excellei|p The plans, geometrical 
figures, scales, and topographical drawings arc well execuleTT It may be safely said that 
Burma owes its knowledge of the science of geodesy to Mr. Clancey and his books. 

2B 
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This is the only r.‘liabl(‘ bo-'^k on snrvevin^^ published in Burma, and the subject has 
been so thoroughly treated lhat tliero seems fo be scarcely room for another \york. That 
it is a work of great merit is the opinion of more than one competent authority in India and 
Burma. The lucid statements of the piineijiles and methods of sui veying, and the numerous 
problems, illustrations and < xamination quest'ons make it a book admirably adapted for 
Survey students. The prtsu’t, or third, edition of the Anglo-Vernacular Aid to La^id- 
Sut'V6yi7i^ has been published with the approbation and help of the Ciovcrnment, The 
work has been closely scrutiiiiz^'d and brought up to date! in all essential respects. 
Considerable additions and improvements have been clfeetcd In it, while, for convenienc of 
rcfcrcncC) a copious index has likewis** been inserted I he above extraet fiom the prr f.ice 
shows clcaily tli<‘ improvements and additijuis made to the presi'nt work. The Burmese 
portion ol the text has also bct n revised and enlarged. 

[b) “ W(^ have received from Mr. J C. Claneey, Supcrintcndmit of Land Records, Burma, 
a copy of a new and rcvist il (dition of his Aid to Land-Siirveying, the authorized text-book 
ill Burma for examinations for Surveyors, Myookships. and Thugyiships. 1 dic book has been 
most favourably comimmttd upon by several well-knowii olTicers, the chief of whom are 
Messrs. Hordern, Fryer, Ilodgkinson, Macrae, and ('olonels Plant, Duff, Scott-Moncrieff and 
others. The book has been in sueh constant demand by students and otticers of all grades in 
Burma, that Mr. (danecy has just issued a new and enlarged edilion which has been most 
carefully prepared and wbl('h w-c would recommend to all those interested or engaged in 
surveying work.” 


The Indo-European Corrt spondencct Calcutta. 

We n-ceived a copy of the fourtli edition (in Rnglish only) of the Aid to Lond-Survey- 
i/2g by J. C. Claneey, F.R.GS. bAa n a cursory glam e at the chapters which form the 
dl(laclic part of it wld suflic c to olthat it is the work of a man whose life's experience 
has been spent in ihe profession widt h be pnijxscs to aid. d'bc Rules being so clear, 
we an^ not surprised that the w'ork has been made an Authorized Text-book. As to the 
illustrations w hich are as many as 236, diviiled over 16 full-size pages, nothing better could 
be (lesirctl in point of neatness and practical suggcstivencss." 


The Madras MaiU Maclra.s. 

Wc liave received from Mr. J. C. Claneey, F.R.G.S., the fourth edition (in English only) 
of the Aid to fsmall edition). The object of this treatise is to provide a 

simple and (‘hunenlary w'ork on land-surveying in English for the use of surveying classes in 
India and Burma. Judging by tlu' number of editions through which the book has already 
gone, and the high opinion exprcoscd of it by well-known Survey officials, EiiLMneers and 
experts, it ha>. more than fulfilled its object. Messrs. Ncw'man and Company, Calcutta, are 
tbs printers and publishers.” 


The English maHj Calcutta. 

‘Mn his treatise on Aid to Land-Surveying (fourth edition, in English, published by 
Messrs. W. Newman and Cempany, Calcutta) Mr. J. C, Claneey, F.R.G.wS., making an abridg¬ 
ment of a more coinpi( hcnsive work on ilie same subject, has provided a text-hook on land- 
surveying adapted to students qualifying for sunewors. Allhough of a strictly technical 
character, the subject is treab d in a clear and simple style, and should prove serviceable to 
professional and District Ollicers as well as to planleis. 1 he work is profusely illustrated by 
some 23(1 illustrations. Alrcadv sevi'ral editions cf Mr. Claneey’.s text-book have been issued 
and there can be no doubt that its reliability and simplified iorm of presentation has ensured, 
and will continue to cusuie, its popularity.” 


'I'hc Crylon Observer^ Colombo. 

“ The small edilion of the Au/ to Lnnd-Surveyina (in English only, ac-eompaniid by 236 
illustrations, by J. C. Clanr. y, F.R.G.S., fourth edilion) which « e are noticing to-day is by no 
means a puny production. It contains about 150 pages of foolscap size, laden w’ith inuch 
useful information m several chaplns. It is a .small edition only with ref< fence to a larger 
text-book by the same author, which \re presume contains fuller and more advanced infor¬ 
mation. Quite apart from his Fellowship, Mr. Claneey posscs-ses (|uaIifications for the task 
he has set himself, through his long connection with India and Burma—beiu« now Assistant 
Director of Land Records and Agriculture of Burma, and having been a^member of the 
Great Trigonometrical Survey of India. IBs object tas been .0 provide a sSe and 
elementary work on land-si^ying in Ivnglish and llurnuse for the ruse of students- and 
this object he has furthered By ti e tublieationof sceeral treatises, large and small in English 
and in Burmese, some of which are out of pi^nt; while tin further fart that this’is a fourth 
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edition is evidence that Mr. Clancey’s work is appr^xiated and siTvcs a very iis« iil pur¬ 
pose. When wc recently noticed the m.agnitiidc of the norkof Land-Scttleipent, Forestry, 
and Surveyintj in the SoTithrrn Presid- ncy, \\c saw how the aid ot all classes and grades of 
public servants was being utilized to push on the work. The treatise bidorci us cannot fail 
to be of the greatest Indp to students ijnalifying for sucli work, and also, so lar as we can 
judge by a dip into the veiy full and weli-arrang(‘d contents -twen to Professional and 
District Ofticers, as also to planters. There are ahogctluT loehaptcrs with a[)pendices, and 
a copious index. They dc.il with IVactical (b unciry, its Fir.st Principles and Detinitions, 
Geometrical 'riicorems and Cjeoinelric'al Problems; Meusuratinn of Siiifac(‘s, incliuling 
definitions^ lengths and areas ; Mathcmalieal Drawing Instruments, with a ileseriplion of the 
various instruments in use and their uses; Scales with definitions, ('xamples in simj)le siales, 
diagonal scales wdth examples, exercises in the constrnetion ol simple and diagonal scales, 
protractors, plotting insiiumenls, etc.; Map-diawing with useful hints in every di'parlnient, 
including the use and projection of materials, etc.; eal iilatioii of areas by aerc-scpiares, by 
casting, and bv the planimeter. The remaining chapters deal fully willi ehain-surveying, 
compass-surveying, and plane-tcablo surveying ; so lb.it more ad\ anced information, toucliing 
theodolite surveying, leve lling, and pr.ictical asirono nv, evidently finds a pl.u'c only in the 
larger edition. fhe value of this e lilion is gre.itly enhanced bv ex.imjiles, prolile.ms, and 
theorems undt'r every sep irate chapter, whicli must lu* vmy hoipliil to the practical surveyor, 
d'here arc also several pages of illustralions .tnd liguicsto st'rve as an aid and stimulus to 
practical wnjrk. Now that our owoi (iovtumment has iicugni/ed (he need of proleetiiig tlie 
public from the eccentricities of umju ililied surveyors, by requiring every private one to 
take out a license, W(‘ havi; little doubt the book will s-rvt* some purpose outside India; and 
there should be a demand for .Mr. (.'lancevks work for students and surveyors lieiv too. d he 
publisliers arc Mes>rs, \V. Newman and Company, Caxton Press, Cahutt.i, and the book is 
for sale in Rangoon, Hombay, Lahore, and as near to ns as Madras, at Messrs. Addison 
and Company.” 


CALCULATING TABLKS 

Including Interr.st, I^xciiangr, Lo\n.s am) Advvxcks, Incomk, \V\gks and ItEsr, ILxhau.stive 
Calendar, Fquation of Iime, Weights and Measures, Louvrithm.s, Traversb, 
UeVELMNG, etc., and containing lUl.L l!l\PL\N.\TIONS, l‘'.X\MPLlvS AND IELUSI RATION.S 

IN FNGLISII AND BURMESK 

.Speciai.i.v designed for Survey, .Settlement, Ianginker, \nd Revenue 
Officer.s, and Others 

AUTUORl/.Kl) EDITION—THOROUGHLY REVISED AND COMPI.KTEI.Y UE-CAST. 

In two Parts; Part I {Suyvt:y Sccdoi/) .'ind Part H [Revenue Section). 

Dedicated, by eermtssion, to Sir Eredrric Fryer, K.C.S.I., I.C.S., Barkis i er-at-Law, lat* 

I..1EUTENANT-G0VERNOK OF Burma. 


Price,—Part I (English), Fifth Edition, Re. i; Parts I and II (English and Burmese), 

Fourth Edition, Rs. 2. 


OBJKCr OK HOOK liRlIiKF.V STATED. 

Tlie above book (I'ourUi edition! was prepared at the instance of Government, with the 
obicct of helping Survey, Settlement and Rev. nu ■ Oflicers in the calculations connected 
with their work, ft clearly lilb d a required w.int as the scvcial editions through which it 
has passed te-tify. The T'ablcs include those of Logarithms, Traverse, Levelling, Interest, 
Exchange, Loans, and Advance.s, Income, Wages and Rent, Exhaustive Calendar, Equation 
of Vinuq Weights and Measur. s, etc. Tlie work «ill be 1 qnally useful 10 b.inkers, men hunts, 
brokers ’ lawyers, tradespi oplc and others. Eor the eonveni. nee of tiiose employing 
them the tables have been subdivided into two sections of “ Survey ” (Professional) and 
“Revenue” tGeneralt. Part I rel.ifes to pun ly prolession.il subjects and will therefore 
chiefly be of'service to Survey Ollieers, while Part II appertains to matters of a more 
general character and would thus primarily coneern Revenue Olficers tdone. .Several of the 
tables in both the part.s, however, arc ol a nature to suit others besides the cl.isses of 
officers named. Some of the opinions of professional and other ollieers and of the Press on 
the book are recorded below. 
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[Of Revenue and Projcssional Officers.) 

Sir Charles Edwakd Bernard, K.C.S.I., Revenue Sccrciary at the India Ofiicc, London, late Chief 

Coinmis-iioner ttf lUirina, 

[See opinion ai^^ainst llio large “ Aid to Laiid-SurveyingA) 

Colonel C. H. E. AnwisoN, C.I.E., S.C., Deputy Commissioner, Moulmciii Town District. 

. The tables of logarithms, etc., will be found very useful.’' 


[Of the Press?) 

The Mairas Mailt Madras. 

" The other day wc noticed in these columns a book calk'd Aid to Land-Surveyin^^ 
by Mr. J. C. Claiu ey, Assistant Director of Land Keconls and Agriculture, Burma. We 
have now received another book by the same author. T'he Catcnlnfinjr 'Pahles under notice 
were first issued at the instance of tlu' Burma Go\ermn<'nt in 1884 object of helping 

Survey, Settlement anil Revenue (Jfticers of the Province in calculations cormected with their 
work. 'I'he utility of the book can best be described hy stating that this is the third edition, 
and it has been very much enlarged and rcN iscd. In the pro\iiice for which it is primarily 
intended it will bi' very useful indeed, the tables, rules and explanations being in Burmese 
as well as in hinglish. Messrs. Addison and Company are the Madras agents for the 
Calculating Tables. 


The Uombay (lajctlc, l^ombay. 

“ What the Indian Penal Code is to the District Magistrate, these Calculating Tables, 
compiled by Mr. Cdancey, F.R.Ci.S., of the Land Records and Agricultural Department, 
Burma, should be to .Survey, Settlement, and Revenue Ollicers in the calculations connecteci 
with their work. 1 he volume, which is printed by^ authority at the Ciovernment Press, 
Rangoon, is obtainable in Bombay of Messrs. Tlnu ker and (.'ompany, and has now reached a 
thirii edition. It is printed not only in Lngli.sh, but also in Burmesi', thus bringing the tables 
within the intellectual compa.ss of .subordinate members of the surveying stkff.' The first 
edition was publi.shed in 1684, and the second in 1S90, but this, the third edition, is without 
doubt the best, since it has been thoroughly revised, and numerous checks have been applied 
to tender it accurate and complete, it must not be supposed that the work is meri'ly of 
local value to the province of Burma, for many of the tables and cakillations are of a general 
character, suitable for use in any part of the Empiie.” 

The Civil and Military Gaselle, Lahore. 

‘'We have received a copy of a set of Calculating Table by Mr. J. C. Clancey, 
Assistant Director of Land Records and Agriculture, in Burma. The tables deal with such 
subjects as land-surveying, the calculation of revenue, weights and measures, and questions 
relating to income, wages, rent, and exchange. They arc elaborately and exhaustively 
compiled, and should save much mental wear and tear to the student, d'he merits of the 
book appear to have been already recognized, as it is now in its third edition. It can be 
obtained at Messrs. Gillon and Company, Lahore.” 


'I'he Ceylon Colombo. 

“ We have received from the author a copy of the Calculating Tables, in English and 
Burmese, for use in Burma, by J. C. Clancey, E.R.D.S., Absistant Director of Land Records 
and Agriculture, Burma. Authorized edition (third) revised and enlarged. Though 
primarily intended for use in Burma, this volume should prove of great assistance to 
Surveyors, P. \V. D. OlTicers, planters, etc., in Ceyloii.” 


'The Rangoon Tinier, Rangoon. 

“We have received a copy in En^lisli and Burmese, bound in one volume, of this well 
known work by Mr. J. C. Clancey, F.R.G.S., Assistant Director of Land Records and 
Agriculture, Burma. We should think that it is the best practical guide to tbe study of 
surveying in use in the East. What makes it mort! valuable than other works of a siinilar 
nature is the practical way in which the entire matter k dealt with, from the elementary 
principles of surveying up to tin- higher br.inehes of the art which terminate in astronomy. 
It is specially compiled lor the use ol Suivey, Si I'lenient, Engineer and Revenue Officers 
of the province and will lie equally useful to bankers, nierch.ints, brokers, lawyers, 
tradespeople, and others, and to all engaged in revenue work, so its demand amongst 
these classes should be very great. 1 o the planter and others to whom a knowledge of 
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surveying; is useful llic work will be found a threat help. PeiiiL^ illustrated eopiously with 
numerous praetieal examples and plates, Iht' student of surveyin'^ < an easily mast(T the art 
by a study of the work alone and without thi‘ assistance of .in instriutor. d'he t.ables 
include interest, exehanuje, loans and advaiues, iniome, w.ij^es and rent, exhaustive e.alendar, 
equation of time, weii^lils and measures, and numerous eakulalions connecti'd with revenue 
matters, surveying ami astronomy, d'he printing and general gel-u[) are excellent, while the 
price is ridiculously small for a work of its nature." 

The Ruft^Oi^n Ga£ei{(\ Rangoon. 

“ A new edition (third), revised and enlarged, h.as been issued of Mr. J. C. Clanccy’s 
Calculating Tables in English and Huriiu'se. It is twi'lvi* years since the first edition was 
i.ssued, and its great v.alue to Rma nu(‘, Stgtlcment and Survey Ollicers in tho province .soon 
became apparent. I'he pr. sent edition ha.s been much enlargtal and remodelled. The book 
is i.ssued by the Government Press and costs only a nomiiul sum.” 

The Moulmcin Advertist Mouhncln. 

Mr. J. C. Clincey, E.R.G.S., .\.ssistant Direc tor of Land Rt'cords and Agriculturci 
Burma, has jiublislied another edition of his “CaUmlatlng fibles ” d'ht‘ book bcfori' us is 
carefully got up and admirably arranged. It is in both hdiglish and Burmese, and we ha\e 
no doubt it will fully meid llui expect.idon of the author in proving a most useful book not 
only to Survey, ttlemmit an 1 Res'cnue (JiliciMs^ but to .a largi section of the enlightened 
public who could appreciate its sphere of ustTulii<‘ss. d'he Cnlen/ntino' 'TiihU's weri! origin¬ 
ally prc])arcd in at the Instance of tlui Local Go\('rnmeiit. d'he set ond edition was 

published in i8<jo aiul the pi eseiu book is the third edition ef the kind which upholds the 
necessity and usefulness of the work.” 

“Notes on Supplementary Survey and Registration,” in ICnglisli {out of piinl)* Price 
Rs. 4. 

** Notes on Supplementary Survey and Registration,” in Burmese [put of print). Price 
Rs. 4. 

“ Revi nuc Law Note s,” in luigli.sh [out of print) l'ric( Rs. 3. 

“ J^rief Instructions for the prosecution of Local d'ravcrsi' and Cadastral Surveys,” in> 
English and Burmese [out of print). Ikice Ive. 1. 

" Conspectus of ln.scet Pests which affect crops in Burma,” in English and Burmese 
[out of print). Price Re. i. 

EXAMINATION QUESTIONS IN 
SURVEYING 

IN F,N(iLISH AND BURMESE 

Ul» TO THE TllUGYISIlIl’, (’l.KRKSIIIP, ANU MyoOKSMIP STANDAROS FOR BURMA 
Issued nnlh the approbation of Gocernnicnt. 

SECOND EDITION (AU IT IQRI/.ED)—REVISED AND ENEARGED. 

{Out of print.) 

Price,—Re. i. 

OBJECT OE BOOK BRIEELY STATED. 

The object of the aliovc cDinpilat'oii (second oditionl bus been lo provide, in a conve¬ 
nient and svstcinatie form, for the reciuircincnls of candidates preparinj; for tlic Tliu^'yiship, 
CTeikship, Myook.sliip, ami other kimlied cx.iinination.s lliat arc periodically held under Ihc 
auspices of the Eaucational Symlieale of the country, in order that the book may prove a 
true puide to their stnoies merely of the students ijoiie^ Ike examinations reffried lo. 

The arrangement of the chapters in the book li as been made to correspond with that of (he 
small edition of the ‘‘ Aid to l^and-Siirvcying,'’ the subject heads of the ajipointcd examina¬ 
tions being shown under those chapters according to relation borne to them re.spcctively. 
It is hoped that the volume will i ontinuc lo be utilized by those for whom it has been 
primarily designed and that the purpose of the compilation, namely, the encouragement ot the 
spread of scientific education, may Ire tlien by furthered. Some opinions of the 1 ress, etc., 
on the book arc given below. 
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EXTRACTS FROM OPINIONS. 


{Of Revenue and Professional Officers.) 

Sir Charles Kdwaro Bernard, K.C.S.I., Revenue Secretary at the India Office, r.ondon, late Chief 

Commissioner of Burma. 

[See opinion against the large “ .Aid to Land-Survc} ing.") 

[Of the Press.) 


riic Rati^oon TivirSy Rang'oon. 

“We have received a copy of the second edition of lhi.s compilation by Mr. J. C. 
Clancey, of the L.iiid Recor.i.s an I Ai^riciillnral J:)eparLment. As most of our readers in 
Burma no doubt know, the compilation consists of a collection of the various question- 
papers in surveyin'^ which hav.‘ been "^t't from time to time in this province, th(.' objtxt 
bein^ to a^si^t can liditcs to pass the I'hugyiship, Clerkship, Myook^hip, and other kindrid 
examinations which an' hehl by the l^ducatioual Syndicate of Burma, by arranging the 
quest ion-pap Ts in a ( onvenient and servi< (‘a de form aiiil so alfording them some guidt* as 
to their studies. A second edition ha-, been i.ssued as tiie lirst edition of the work fully 
verifi(;d the hopes of its compiler. The compilation is in both English and Burmese. 
The letter-press IS cxcc’ient, but tint is to be! t'xpeelt' l as the book has b, cn turned out 
under the eye of the Superinten lent, (jovernment l^rinting, Burma.” 


The Rdm'oon Gasrffcy Rangoon. 

Mr. Clancey has published a book of qu.stions on surveying, which will be found 
invaluable to candidates who have to lake up that subject in the various (iovernment 
examinations. The price is the small one of a rupee, d'he book ought to command a 
ready sale.'^ 


The Maiidaluy lit raid^ Mandalay. 

“ A second edition of that cxcceilingly useful work, Rxaniination Questions in 
SuYveyin^^ up to the riiiigyisliip, Clerkship, and Mvookship standards for Burma, 
compiled by J. C. Claiuey, Assistant Director of Land Records and Agriculture, 
Burma, has been published, and should be welcomed by candidates preparing lor cither 
of the above appointments. As explained by the compiler of the book, the contents are 
not intended to introdm e a .systc m of cram, but to provide for the use of students going 
up for the examinations, a true guide for their studies. The course^ of study, which is 
desc’ribcd as both theoretical and practical, cmbracas no le^s than ten subjects, and the 
very marked improvement that followed the first publication has been .suc h as to offer a 
guarantee for the success of the second improved and enlarged edition. As an encourage¬ 
ment to the spread of scientific education—a must valuable acejuisition in the pres,, nt year 
of grace, when comprliters for Goxernment appointments tread upon each oihcr’s heels 
in the struggle to reach the first rung of the ladder which is fondly supposed to lead 
to the summit of their ambition, Mr. Clancoy’s work cannot Vie too highly recommended. 
Besides a vast numher of important questions, as they rc'late to the various subjects dealt 
with, the value of the book is enhanced by the introduction of numerous diagrams, plans, 
and maps, the latter being especially usclul as showing the student the different methods 
of drawing with accuracy and upon giscmi scales, d'he student will also peruse with atten¬ 
tive interest the sets of question-papers in surveying, tlie description of examinations, and 
the number of marks lu'c essary to lie obtained in order to ensure siiecrss. We mav men¬ 
tion that the work is published with the approval of Govi'rnment and that it is brought up 
in all material respects to date. It is printed in the excellent style characteristic of the 
Burma Government Lrc'ss, and we have little doubt but that the Examination Questions 
on Surveying will duly find its way into the hands of, ami be deservedly appreciated by, 
those for whose information the work is intemled.’’ ^ 


The Muuhntin Adjiytist ry Moulmcin. 

“ Mr. J. C. Clancey has laid the youth of the province under another obligation by the 
publication, with the approbati-m of Governinent, of a volume of Examination Questions 
in Surveying \.o ihc dhugyiship, Clerkship, and Myo6kship st.iiulards for Burma. 
Mr. Clancey^s two works on surveying, piibl;sh(Hl many years ago, are so w^ell known and 
have so fully establisliLd his leputalion as an author on a subject he thoroughly under¬ 
stands, that it is not necessary for us to say that the work before us is of th^t excellent 
quality that we now have the right to expect from so thorough a Surveyor as Mr. Clancey. 
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It will, however, be useful to those for whom the book is iiiletulml, if we give briefly the 
eontent.s of the volu'i’o which will be of the griMtest assistaiue to those who are desirous 
of passing examinations. For many ve.rrs past the compiler of the \oliime has been 
engaged In collecting the various iiucstinn-papors in survi ving which have been set from 
time to lime in the province prior to 1881 by the\arions'Distiic t t'om'mlUi es of Public 
Instrintion and the Kduc.ilinn Dipariment, and subscipicntlv bv tin* iCducational Syndicate 
of Burma. The object in view was the eventual publication, in a convenient and system- 
.itic forni, of .a coinjiilation, uhii li would, it was tliought, provo scrvicc.iblc to candidates 
prepaiing for the Fliugyiship, Clerkship, Mvookship, and other kindred examinations that 
are now periodically held umler the au-'j)ii i s of llic'hhliicational Syndicate of the country. 
This book, Mr Clancey says, is not inti ndotl to introduce a system of cram—indeed it 
could not do so—but to provide students with a true guide to their studies. This it will 
undoubtedly do and every student should arm himself with a copy.’^ 


The Arakan Ntivs, Akyab. 

We have to acknowledge with thanks the receipt of the . and Examination 

Questions in Sui'‘ve}in^ compiled by J. C. Cl.'uuey, second edition, revised and enlarged.'* 

BURMA LAND RFXORDS EXAMINATION 

MANUAL 

IN ENCI.LSH 

Cont,umng QiJKsriovs in Si/rveyino, Renknue I.aw, and Land IU-Cords Work, for the use or 
I. AND Records Officers, JuM(a< (. iviravNs, and Candidm ks for I'rohatioxi-rsuips 
IN iHE l.\xD Records Department. 

(AUTHORIZED EDITION.) 

[Out of print.) 


Price,—Re. i. 


OBJECT OF THE BOOK BRIEFLY STA’IED. 

The above compilation contains, in a convenient form, questions in surveying, revenue 
law, and land records work which have been set at various times in coniu c.lion with the 
examination of the Superior Land Records OHiccrs, of candidates for admission into the 
Land Records Dejiartment, of Junior Civilians and of Urobatiunary Myooks, and is 
designed to a.ssist othcers of these classes who may be preparing for similar examinations. 
Some Fress opinions on the merits of the book are given below. 

EXTRACTS FROM OPINIONS OF THE PRESS. 


'I'hc TiiiKS, Rangoon, 

Land Records Examination Manual.—This little compilation, by Mr. J. C. Clancey, 
contains in a convenient form questions in surveying, revenue law and land records 
which have been si t at various limes in connection with the cxamiiialinns of the Superior 
Land Records Ofllcirs, of candidates for admission into the Land Records Department and 
of Junior Civilians, and will be found by these officials of great use as a guide, in cramming 
for similar examinations. In the next edition avc would recomnu nd the introduction of 
specimen answers alongside the queHions contained in the examination papers, for many a 
candidate is plucked from inability to condense his answers in proper and easdy intelligible 
form. It is often not the cainlidatc who has a knowledge of the subject that passes, but he 
who is able to express his knowledge in a clear and concise style. This little compilation 
costs but a small sum.” 


The Rangoon Gastitr, Rangoon. 

“Another of Mr. Clancey’s useful compilations has also been received. It is a Land 
Records Examination Manual containing questions in .surveying, revenue lavv and land 
records work which have been set at various limes in examinations on these subjects, and 
should be of very great service to tho.e for whose use it is intended.” 
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The* Mold mein Advcriisert Moulmcin. 

The Land Records Examination Manual for Riinnn, compiled by Mr. J. C. Clancey, 

F. R.G.S., Assistant Director of Land R«^cords and Ai^ricultnre, Hurmn, is an exceedingly 
cheap pam[)hlet whicli should be invaluable (o students in general, containing as it does 
questions concisely put together U])on surveying, reveniu* law, and land records work.” 

Extracts krom opinions 

ON THK 

(i) Aid to Eand-Surveying, large e iition (3rd), in English. 

(ii) Calculating Tables, Part I, 5th edition, in English. 

(iii) Aid to Land-Snr\eying, small edition (5th), in English. 

(iv) Aid to Land-Surveying, small edition (4th), in Burmese. 

•(v) Calculating Tables, Parts I and II, qth edition, in English and Burmese. 

[OJ Revenue Officers and others.) 

Sir Waltkr r.\\VRii\CR, K.C.I.E.. Private Socrct'iry to Ilis Excellency Lord Curzon of Kedleston, 
G.C.S.L, G.C.I, E., Viceroy and Governor-General of India. 

“ I am directed to acknowledge, with thanks, the receipt of your books on surveying, ” 

G. B. H. Fell, Esq., I.C.S, Private Secretary to HIs Honour Sir HucJii Bvrnes, K.C.S.I., K.C.V.O., 

Liciitenant-Govern r of Burma. 

(<z) ‘Mam directed by His Honour the Lieutinant-Govcrnor to acknowledge, with 
many thanks, the receij)t of the copies of your Aid to Land-Survcyinf^ and Calculating 
Tables which you have been good enough to present to him. I congratulate you on the 
completeness of the works which must be invaluable to surveyors here and elsewhere. 

{h) “ I have been looking through the and am much struck with 

the monumental industry which you must have applied to the undertaking. I congratulate 
you on the accuracy of tlie Table of Burmese New years. IPs a subject wTiich I understand 
bristles with difficulties.” 

Sir Frederic Fr\er, K.C.S.I., late Lieutenant-Governor of Burma. 

“ I have received a copy of the Calculating Tables with many thanks.” 

From H. Thompson, Esq., I.C.S., Officiating Revenue Secretary to the Government of Burma, to the 

Financial Commibsioner, Burma. 

.I am directed to ask that you will be so good as to convey to Mr. J. 

C. Clancey, Assistant Director of Land Records and Agriculture, the thanks of the Local 
Government for the valuable assistance which he has given to Government in preparing the 
revised i ditions of the Aid to Land-Surveying!^ 

II. M. S. Mathews, Esq., Revenue Secretary to the Government of Burma. 

“.I have looked through the books with interest and think they form a very 

successful issue. I always like to have a book of surveying with me.” 

A. Gaitskell, Esq., I.C S., Director of Land Records and Agriculture, Burma. 

.They arc both very full and complete, and a great help to those who have 

need to use them in tlieir work. The printing and the designs are very clear. You have 
added, I see, some useful tables in the Calculatin^ Tables. In the large Aid to I.and^ 
Surveying^ I sec you have considerably amplified the traverse section on theodolite surveying 

The Ilon’ble W. T. B.A., I.C.S., LL.B., Financial Commissioner, Burma. 

(/z) “ I consider that these books Avill be of great use in Burma. 

(^) “ I am well aware of the excellence of these books and of the great benefit which 
the province has gained from the earlier editions. A great deal of labour has been spent 
on the present editions, Avhich are beautifully got up. They will be of the greatest use.” 

T. C. Wilson, Esq., I.C.S., Sctllomcnt Commissioner, Burma. 

”.They will no doubt prove very useful. The Calculating Tables should 

render references to Committees of Burnians regarding date of Burmese festivals, etc., 
unnecessary in the future.” 

H. Thompson, Esq., I.C.S., Revenue Secretary to the Government of Burma. 

“.There can be no question as to the time and labour which you must have 

given to the revision, I wish your efforts may be given a fitting reward.” 

O. S. Parsons, Esq., LC.S.. Dirt'ctor of Land Records and Agriculture, Burma. 

(zz) T'he publication of Mr. Claneey’s books has been of great service to the province. 
They are in constant use in all offices.” * 

ip) You deserve great credit for getting the books through.” 
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M. r<AURiE, Esi[., M.V.O., I.C.S., Prcsidi'nt, Rnniroon Municipalltv. 

.I am sure that thoy will be of the gn-ate.st value, both to the sfudi ut and 

the expert surv(“yor. Yuiir set of iilustralions in the Aids is nniisually insliiKtive airl 
inb'rcsting.” 


W. F. Noycf, rvs<|, K.-Idl, Super inU’fulont of Stamps, Hurmn. 

“.It has been very IK. ally got up. l^^•w, if any, can eoiua ive the labeiir which 

the tables must have involved, d'he ‘Ihingyan’ period ealculatioiis in your book are 
correct to the second.” 


[Of P/\)/essfo;idl Officers.) 

Revd. An'IRKD Beru, S.J., in charge, St. Xaviers ('< llcgo Ob!:Crvat(>ry, Calcutta. 

.[f they are of great praet’eal use fur suivey woik, surely tliey contain plenty 

of valuable matter for other MatluMuatleal D: jiailinuils, which it would be dillieult to llnd 
elsewhere. 1 congratulate you wmi mly for tin' useful work you have done, and which 
required undouhLcll) much energy and |)a(it iit work to be brought to an (.m!. 

Jui.iAN C. Rogi rs, Esq., K.S.I, Secretary to the Siiiveyois' InslitutiDn, Loiulnn. 

‘‘ The w'ork is very cxhaiustivt* and interesting.” 


Revd. J. Bakkfr, S.h, Pr fessor in (liaigo, St. Xav'ers College Oliscrvatory, Calculi.i. 

'i hose hooks, so brimful of useful matter, mu.st prove an invaluable boon to all who are 
engaged in surveying and other branches of ti c public si'r\ice; and any candidate wishing 
to enter the service w'uuid certairi’y lind in tin n\ urust if not adl ol what he ic(jiiir< s.’' 

Dr. A. M. W. Downing, 1).Sc., IdB.S., E.R A.S. .SuiH'rintcndt'iif, II..M. Nauthal Almanac (.)llic(', r.oiulon. 

“ d'hc chapter (-n th(‘EUrmn se Call Ildar of tlu*. Calfiilatincf Tablet is on a subject of 
sucdi inten st to Astronomers lliat it sec ms a great pity that it should hv. buried iu a publica¬ 
tion that w'ould not bo se^ n by one jier tent. < f them.” 

{OJ the Pf ess.) 


The Raufr.wn Rangoon. 

*‘The new edition of Mr. J. C. Clancey’s Aid to Land-Surveying just issued fi-om 
the Government Press, has been thoroughly ie\ ised. The texl and diagrams have b( en much 
augrncntrd with new malt r and (on.sitb raid * jiortions of the old matter greatly rnudiln d iu 
places, the whole being eondms. d, re ariangt d and nd. red up-to date in all particulars. 
The logarithmic, travt rse and ( tin r tables w hich i xisti d in the pr. \i(ais i dilion h.ivi* now 
been transft'rn d to the author's C/cA/rA///;/*; Part I, a itivist d and enlaig. d i dilion 

of which is si 111 111 t aiieousl V piiblislud. It is worthy of n<*t I’c th<it the d(“lails in tin* r<‘t( nt 
Governmi nt notitieati. >11 with regard to the I hingyan periud of the Dnddhi-l yi ar 1260 
correspond exactly with Mr.Clancey’s calculations made two y. ai's ago, which ari* tube found 
on 151 of the ‘ Tables.’ Tlic pres, nt editions of these \aluable works are sure to 
increase their usefulness and popularity.” 

The Rangoon Timesj Rangoon. 

‘‘ We have to thank Mr. J. C. Clancey, F.R. A.S., F. K.G.S., F.S.I., Assistant Director of 
Land Records and Agriculture, Durma, and lately amcmbir of the Great Trigonometrical 
Suivey of India, for a copy of his ( xccllcnt and exhaustive treatise entitled Aid to Land- 
Surveying', as' also a p mderous volume full of iigures which is styh d Calculating 
Tables. U is quite impossible for any one except a professional or highly trained Land 
Surveyor and Mathematician to do justice to these two valii-d)le volumes, but it is quite 
evident to the must ordinary person that they must have nec:essitated a thorough knowledge 
and grasp of tire subjects tn'ated of as well as enormous patience and siistaim d labour on 
the part of the author in their preparation and n vision. The liist-named work is stated to 
be a ‘ small edition ’ in English aecompanied by 239 illustrations and containing numerous 
useful exampLs and I xcrcisis f. r practice From this it may be infern d that the volume 
is an instructive ti xt-bcok and the inference would be corn et, it lia\ing been prescribed 
by the Government of Burma as a text-book in surveying. At the \cry comim nci me nt of 
the volume is a quaint picture of ^Surveying in India and Burma.’ 1 his appears a misnomer, 
as the survey that i.s depicted is all o f Burma without a hint of anything in it (0 suggest 
the country across the Bay, 'rhere is a range of hills in the (Pstance and a pagoda on the 
summit of one hill. In the valley beneath, where some Burnians are surveying, then! is a 
Burmese Monastery and a pagoda, whilst the b’‘p-knottcd, barc-footed chief^ surveyor 
is usin‘' a patent Burmese theodolite, level, or compass is unrnistakeably a child of the land 

01 oil 
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of the golden pagndas. However, this is a detail; further on the illustrations are less interest¬ 
ing and considerably more puzzling to the layman observer. The work deals with practical 
Geometry from lust principh s and definitions to mensuration of surfaces and questions and 
answers on geometrical subjects. There are chapters devoted to mathematical drawing 
instrumentsand their use; to scales and the manner of drawing them, etc., on 
the application of the protractor to us:; map drawing and how to draw maps ; lithographic 
work and typing, and an essay on reducing, copying and enlarging plans. Thai we have a 
chapter on calculation of art as by acre-squares ; probh ms in casting ; chain surveying ; 
compass surveying; plane-table surveying; questions for examination and finaly a most 
copious iiulex. With such a book it is to be imagined that one might be constructed into a 
very fair theoretical surveyor without having gone into a fit Id or handled a chain, compass, 
level or theodolite. Mr. Clanccy, it will be observed from an advertisement in this volume, is 
an author of .some nin<' other works. Most of them n fer to surveying, but one—' Conspectus 
of Insect 1 \ sts which afft ct crops in Burma’ indicates that Mr. J. C. Clanccy devotes his 
time and attention to other subji cts of importance. T'he Calculating Tables appear to 
reft r chiefly to calculations necessary for correct deductions in survey matters, but there 
is also much in this volume I'Llating to the Burmese Calendar, Burmese Chronology and 
other sciaitilic and astronomical subjects. The Land Revenue Act and Rules also ri*ceive 
attention as well as cahulatioiis ofu.se to agriculturists. In short, it is a mo^t valuable 
\vork di'aliiig with an inlinity of subjects involving calculations, and a sttidy of it cannot 
fail to prove both interesting and instructive. The works, we undeistand, have b^en through 
several editions and are procurable from the leading book-sellers in Rangoon and India.” 


The Mtindahiy Herald, Mnndahiy. 

We have been favoured by Government with a copy of each of (i) Aid to Land^ 
Surveying (small (dition) and (i) Calculating Tables in Burmese and in English, both by 
Mr. J. C. Clanccy, K.-I-H., E.R.A.S., F.R.fLS., F.S.I., M.R.Ag.S.,etc., Assistant Director of 
[.and R(.corals and Agriculture, Burma, and a late member of the Great Trigonometrical 
Survey of India. T'hc Aid to Land-Surveying is now an authorized text-book, and the one 
issued is in its fifth edition, revised and enlarged. The reputation of Mr. Clancey’s Aid to 
Land Surveying is so widely known and appreciated that any comments on our p.arL would 
be stipcrnuous. Wc know fora fact that the wish of every student in land-surveying is to 
possess himself of a copy of Clanccy Thakin’s Myedaing Saok, so high is it held in 
estimation by them. Personally wc had known Mr. Clancey's abilities as a mathemati¬ 
cian and a surveyor in days long past*—and our expectations in him have exceeded all 
bounds. His second work Calculating Tables is another authorized edition (fourth), 
in the compilation of wliiclf the author must havt* devoted much time and attention. 
The calculations arc, as far as we have carefully gon<i through, correct. As confirming 
our assertion the ‘ Rangoon Gazette’ of the 5tb August 1903, made allusion to the 
receipt of a letter from the Mandalay Commissioner, forwarding a report on the Thingvan 
of 126O B.E. by the c,v-Kinwun Mingyi, C.S.I., after the latter had called a meeting of 
the Sayadaws, c.v-ministcrs, and other well informed residents of Mandalay, among whom 
were a number of Pdnnas, to work out the date on which King Thingyan would appear. 
This the latter and a few others worked out, .and the dale fixed corresponded with the 
date which Mr. Clanccy had worked out some two years ago and w hich Can be found 
at page 15T, Part I, of the Calculating TablesT 

The Arakan News, Aky.'ib. 

We have received a copy of the fourth edition of the Calculating Tables in English 
and Burmese bound in one volume, by Mr. J. C. Clanccy, F.R.A.S., F.R.G.S., F!S.I., 
M.R.Ag.S., etc., Assistant Director of Land Records and Agriculture, Burma. The book 
is divided into two parts, viz., lirst a survey section, which deals with professional 
subjects, and second a revenue section, dealing with subjects of a general character. 
Apart from the tables of income, wages, rent, exchange, weights and measures* 
logarithms, etc., there are, an exhaustive calendar, and calculations of various matters 
connected with surveying, astronomy and revenue. In fact, the book comprises almost 
all manner of calculations, from the elementary principles of surveying up to its higher 
branch of astronomy, and from calculations of land revenue up to the conversion of village 
baskets into merchants’ standard baskets. It is profusely illustrated with practical 
examples and plates which arc beautifully executed. We should think that it is not 
only the best practical guide to the study of surveying, and useful not only to survey 
and revenue ofiicers, but e(iually so to merchants, tradesmen, brokers, bankers, lawyers, 
and the general public, and as such, should find a place on every one’s table*as a book 
of reference. The general get-up and printing are excellent, and considering the amount 
of time and labour spent over the compilation, the price is infinitesimally small.” 

[Survey Manual for I.and Records Officers, in English and Burmese imth Illustrations) 

Price, Re. /.‘j 

G. B. C. P. O. No. 237, S. Cm D. L. R. k A.,—23-7-07—1,028— Jos. C. 
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